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1.  INTRODUCTION 

Beginning with the simultaneous discovery of the fundamental algorithm 

by Hirota, et al. (1970), and by Roache (1971), a new class of algorithms for 

solving elliptic partial difference equations has been developed during the 

last 10 years. Roache (1971) noted that the fundamental algorithm, which is 

analogous to "shooting methods" in ordinary differential equations, and 

described as the "error vector propagation" (EVP) method, is very efficient 

when applied to low-resolution problems, but cannot be applied to high- 

resolution problems due to roundoff error. Dietrich (1974) discovered an 

iterative application of the algorithm that could be applied to high- 

resolution problems, and this iterative technique was further explored and 

refined by Dietrich, et al. (1975) and by Dietrich (1977). Madala (1978) 

discovered a method, called the "stabilized error vector propagation" (SEVP) 

technique, whereby the basic algorithm can be applied as a direct method for 

high-resolution problems. Roache (1978) reviewed the development of EVP and 

analyzed its characteristics in detail. 

One important class of applications of EVP-based elliptic solvers is 

in semi-implicit formulations of the fluid dynamic equations in which dominant 

I. Hirota, T. Tokioka, and M. Nishiguchi, J. Meteor. Soc. Japan ^8_ (1970), 
pp. 161-167. 

P. J. Roache, "A New Direct Method for the Discretized Poisson Equation," in 
Proceedings of the Second International Conference of Numerical Methods in 
Fluid Dynamics, Berkeley, California, September 16-19, 1970, pp. 48-53, 1971. 

D. Dietrich, J. Meteor. Soc. Japan _M (1974), pp. 337-338. 

D. Dietrich, B. E. McDonald, and A. Warn-Varnas, J. Comp. Phys. 2*L (1^75), 
pp. 421-439. 

D. Dietrich, Final Report, Contract No. N00014-77-C-0208 for the Naval 
Oceanographic Laboratory of the Naval Oceanographic Research and Development 
Activity (1977). 

R. Madala, Mon. Wea. Rev. 106 (1978), pp. 1735-1741. 

P. J. Roache, Num. Heat Trans. 1_ (1978), pp. 1-201. 
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terms involved in gravity (O'Brien and Hurlburt, 1972) and/or compression wave 

(Dietrich, et al., 1981) propagation are solved implicitly (with the remaining 

terms explicit). A more powerful application exists in solving "almost fully 

implicit" formulations of the fluid dynamic equations (Dietrich, 1975); this 

application is recommended when the shortest fluid dynamic time scale of 

interest is long, compared to the well-known CFL time step limit, as appears 

to be the case in most fluid dynamic problems with constant or slowly varying 

external forcing. (In some problems with waves generated by time-varying 

external conditions, this might not be the case.) 

In Section 2 of this report, we describe an SEVP algorithm, program 

JAYNOR, for solving general two-dimensional, second-order elliptic equations. 

This algorithm can be applied to linear problems with variable coefficients, 

irregular boundaries, islands, and general boundary conditions. Its limita- 

tions are mainly associated with roundoff error, as described in Section 3. 

In Section A, we describe how to use a computer program based on this general 

algorithm, as well as more specialized versions of this program. Appendix II 

contains listings of this general program and its more specialized versions. 

J. J. O'Brien and H. E. Hurlburt, J. Phys. Oceanogr. 2_ (1972), pp. 14-26. 

D. Dietrich, H. Klein, and R. K.-C. Chan, "FLAME: A Computer Model of Time- 
Dependent, Multidimensional, Multiphase Reactive Flow," paper presented at the 
20th National Heat Transfer Conference, Milwaukee, Wisconsin, August 2-5, 
1981. 

D. Dietrich, J. Meteor. Soc. Japan 53 (1975), pp. 222-225. 
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2.  THE GENERAL SEVP ALGORITHM 

The general SEVP algorithm described here is similar to the one 

described by Madala (1978). The differences are mainly the capability of 

including islands in the present version, and the elimination of the 

homogeneous solution calculation during the forward sweep by more fully 

utilizing influence coefficient arrays generated during a preprocessor. 

The new SEVP algorithm, JAYNOR, uses a master flag array, N^ .«, 

defined by: 

Yj 

1 if the (i,j) point is "inside the boundary' 

0 otherwise 

Points on islands are considered "outside the boundary". If H, j • 1, the 

following equation is satisfied: 

Yj  '  Yj+1 + Yj *  Xi+2,j+l + Yj  *  Xi+l,j 

+ YJ* 
xi+i.*2 + YJ ' YH.J+I" YJ •       (1) 

where A^ J, B^ J, C^ *, D^ J, and E^ * are given coefficient arrays of the 

five-point elliptic operator; F^ . is a given source term array; and X^ , is 

the solution array determined by JAYNOR. If Nt i • 0, the Xj j is left 

unchanged. In addition to the above-indicated parameters and others normally 

needed to define a two-dimensional elliptic partial difference equation with 

second-order accuracy, JAYNOR requires the user to specify the number of 

subregions in which the aforementioned SEVP algorithm is to applied, and the 

grid lines separating these subregions. In general, the more subregions used, 

the smaller the roundoff error will be in the solution (at the expense of more 

auxiliary storage and calculation). These grid lines are transverse to the 

EVP march direction, which is the j-direction in JAYNOR. 

We now describe the JAYNOR algorithm in detail. Since Neuman and 

mixed boundary conditions can be easily transformed into Dirichlet-type 

boundary conditions by suitably redefining the partial difference operator and 
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source term at points adjacent to boundaries (see Appendix I), we describe its 

application to problems Wxth Dirichlet conditions. (JAYNOR assumes the user 

has already performed this simple task.) 

First, we describe JAYNOR application to a regular region,illustrated 

in Figure 1. Two classes of auxiliary influence arrays are generated in the 

JAYNOR preprocessor, subroutine JAY. Both classes are composed of selected 

subvectors from the total solution vector, forced by a selected isolated unit 

source term. In a regular problem, each such subvector of the first class is 

the solution at the second row from the bottom of a subregion, forced by a 

unit source term assigned to a selected point in the second row from the top 

of the same subregion, in an associated problem in the region below the top 

boundary of the subregion — the associated problem has homogeneous boundary 

conditions, including at the top bounday of the subregion, and has zero source 

term everywhere, except at the selected unit source point. In JAYNOR, this 

array is called RINV; specifically, RINV(I1,I2,K) is the solution at the 

(12+1) position of the second row from the bottom of subregion K, forced by an 

isolated unit source at the (11+1) position in the second row from the top of 

subregion K. In a regular problem, each subvector of the second class Is the 

solution at the second row from the top of a subregion, forced by a unit 

source term assigned to a selected point in the second row from the top of the 

same subregion, again in the associated problem described above. In JAYNOR, 

this array is called RINVl; specifically, RINV1(I1,I2,K) is the solution at 

the (12+1) position of the second row from the top of subregion K, forced by 

an isolated unit source at the (11+1) position in the second row from the top 

of subregion K. The top subregion does not require an array of this second 

class. (Although the above description indicates the storage sequence in 

regular problems, arrays RINV and RINVl are stored as one-dimensional arrays 

to save storage in irregular problems due to differing storage requirements in 

each subregion — see below.) 

Using the arrays RINV and RINVl, as determined by the JAYNOR pre- 

processor, which is performed in subroutine JAY, subroutine NOR calculates the 

solution to the partial difference equation (1) with assigned boundary 

conditions. This is done using a forward sweep, followed by a backward sweep, 

similar to the procedure described by Madala (1978), utilizing RINV and RINVl 

data along the way. In the present method, the forward "particular solution 

sweep" and backward "homogeneous solution sweep" each requires slightly fewer 

^taMMa 
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IE(3) = 19 

IE(2) = 13 

IE(1) = 7 

7  8 

I •• 

10  11  12 13  14 

Figure 1. Application of program JAYNOR to a regular mesh. The partial 
difference equation is satisified at the center of each cell, 
except those outside the boundary, which are shaded; the source 
term and solution arrays are cell-centered. Grid lines forming the 
cell boundaries are drawn. Grid lines between SEVP subregions are 
darkened. In this example, JAYNOR program topological variables 
are as follows: M-14, N-20, NSB=*3, IE(l)-7, IE(2)-13, IE(3)-19, 
and the NTYPE(I.J) array has zeroes for 1-1, 1-14, J»l and J-20, 
and ones everywhere else (there are no islands). SEVP starting 
vector positions are indicated by S's, and SEVP residual vector 
positions are indicated by R's; most of the R's have 
scripts 
text). 

to indicate they are "open residual positions' 
zero 
(see 

sub- 
main 
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operations than a single ordinary relaxation sweep, except for operations 

involving RINV and RINV1. Subroutine NOR avoids generating a homogeneous 

solution on the forward sweep by using RINV1 to adjust the grid point values 

in the second row from the top of each subregion (except the top subregion) 

directly during the forward sweep, instead of using RINV, RINV1, and an 

appropriate homogeneous sweep to create these same adjustments, as described 

by Madala (1978). Every other step of the present procedure is essentially 

the same as described by Madala when JAYNOR is applied to a regular region. 

Application of JAYNOR to elliptic problems in regions with irregular 

boundaries and islands is similar to its application to regular problems. The 

differences are mainly in the definition and use of the preprocessor arrays 

RINV and RINV1. These differences are associated with the definition 

"starting vector points" and "error vector points" in each subregion. For 

regular problems, "starting vector points" are points in the second row from 

the bottom of each subregion, and "error vector points" are points in the 

second row from the top of each subregion (see Figure 1). When the problem is 

Irregular, "starting vector points" are all points in the second row from the 

bottom of each subregion that are inside the boundary (NTYPE=1) plus all 

points inside the boundary that are Immediately above points that are outside 

the boundary (NTYPE=0) (see Figure 2). Similarly, "error vector points" are 

all points in the second row from the top of each subregion that are inside 

the boundary plus all points inside the boundary that are Immediately below 

points that are outside the boundary (see Figure 2). The general defintions 

for RINV and RINV1, applicable for both regular and irregular problems, are 

then as follows. RINV(L,M,K) is the solution at the Mtn starting vector 

position in subregion K, forced by an isolated unit source at the L error 

vector position in subregion K, in an associated problem, as described 

above.  RINV1(L,M,K) is the solution at the M   "open" error vector position 
t"Vi 

in subregion K, forced by an isolated unit source at the L error vector 

position in subregion K, in the associated problem, where "open" means that 

the point above the error vector position is inside the boundary (NTYPE=1) 

(see Figure 2). Since the ranges of L and M can vary from subregion to 

subregion in irregular problems, arrays RINV and RINV1 are treated as one- 

dlraensional arrays to save storage. 
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+ 

IE(3) = 19 

IE(2) = 13 

ri 

IE(1) = 7 

Figure 2. Application of program JAYNOR to an irregular raesh with islands. 
Refer to Figure 1 caption to interpret this figure. Some of the 
R's have zero subscripts to indicate these are "open residual 
positions" (see main text). The user need not specify the R, S, 
and RQ positions; they are determined in subroutine TOPOL from the 
user-8pecifled topological flag array NTYPE (see main text). 

i . _,  
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SELECTION OF MARCHING DIRECTION AND BLOCK SIZE 

The choice of marching direction and block size is determined by the 

accuracy desired in the solution, the computing precision used, and the EVP 

roundoff error characteristics of the partial difference operator. (In many 

applications, It is desirable to use double precision on IBM computers and on 

other computers for which double-precision computation is about as fast as 

single-precision computation. This can usually be facilitated by using 

IMPLICIT REAL*8 type statements at the beginning of the EVP subroutines.) 

Detailed discussions on this are given by Dietrich (1975) and Roache (1978). 

In general, the choice of march direction and block size depends on a number 

of factors, and only rough guidelines can be given. Fortunately, this is all 

that is needed, since even when operating well within roundoff error restric- 

tions, the SEVP method is robust and is usually competitive with the best of 

other methods, often being superior. However, it should be noted that when 

the geometry is regular (or nearly regular), and the partial difference 

operator has constant coefficients, there are transform methods (combined with 

a capacitance matrix to handle any irregularities) that can be superior to 

SEVP in terms of storage requirements and competitive in terms of operation 

count (Wallcraft, 1980). 

A general rule-of-thumb guideline for the choice of subregion size 

when using SEVP is that for an elliptic partial differential equation with low 

to moderate diagonal dominance (as in a Poisson partial differential 

equation), the normalized absolute error In the application of the EVP 

algorithm to a given subregion is of order 5 times the computing precision 

used, where B is the ratio of the subregion length in the EVP march direction 

to the minimum grid interval size in the other direction. For example, for a 

Poisson equation on a uniform mesh (Ax • Ay), and computing precision of 15 

significant figures, the SEVP solution would be accurate to about five 

significant figures If the maximum subregion length were about 14 grid 

intervals. However, SEVP can be applied iteratively (as can any direct 

solver) to reduce roundoff error to any desired level above the computing 

A. Wallcraft, "Capacity Matrix Techniques," Ph.D. Thesis (1980), Department of 
Mathematics, Imperial College, London, England S.W."7. 

10 

 i . k . . . . . —k ».- 



•I"»".' "   • - - - "- • " "*— 

precision available. For example, if the roundoff error is 0(10 ) after one 

call to SEVP, the error can be reduced to 0(10~10) after two SEVP calls. Each 

succesive SEVP problem is forced by the roundoff error residuals from the 

previous SEVP problem, and the result is added to the previous solution. 

A rule for choosing the SEVP march direction is suggested by Madala 

(1978). Madala recommends choosing the direction for which "A > 1", where A 

is the ratio of the grid interval transverse to the SEVP march direction 

divided by the grid interval in the SEVP march direction. However, in some 

problems there are regions for which A > 1 and other regions for which A < 1. 

In such problems the use of SEVP as a direct method may be costly. A good 

possible alternative in such cases is to use SEVP iteratively (with variable 

march direction) in the same way EVP was used iteratively by Dietrich, et al. 

(1975); in some cases, it may be useful to use alternate forms of EVP such as 

described by Dietrich (1977) and by Roache (1978). Even in problems for which 

"A - 1" has the same sign everywhere, it might not be best to march in the 

direction for which A > 1. Specifically, when A > 1 for a march direction 

with much fewer mesh points than in the other direction, the other march 

direction may be better even though more SEVP subregions are required, since 

the influence arrays RINV and RINV1 will be much smaller for a given 

subregion. This, of course, can be affected by the kind of computer being 

used (e.g., vector vs. scalar computer). 

Finally, when there are islands, it is sometimes advantageous to place 

the SEVP subregion boundaries in such a manner that the islands straddle the 

boundaries, especially when this does not increase the number of SEVP 

subregions required; this reduces the number of starting and error vector 

points required and the associated auxiliary computation and storage used by 

the SEVP algorithm. Similarly, if there are no islands, it is desirable to 

place the SEVP subregion boundaries near the narrowest parts of the SEVP 

domain, such as the throat of an hourglass-shaped domain. 

11 
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4.  USING THE JAYNOR COMPUTER PROGRAM 

Program JAYNOR sets up and solves a general sample problem, using 

preprocesor subroutines TOPOL and JAY, and repeat solution subroutine NOR; in 

JAYNOR program variables, the sample problem may be written: 

AX(I,J)*X(I,J+1)+CX(I,J)*X(I+2,J+1)+AY(I,J)*X(I+1,J) 

+CY(I,J)*X(I+l,J+2)+BB(I,J)*X(I+l,J+l) = F(I,J)    .     (2) 

If NTYPE(I.J) - 1, Eq. (2) is satisfied; if NTYPE(I,J) = 0, X(I,J) is left 

unchanged and treated as a boundary condition, where appropriate. Thus, the 

user must specify: the partial difference operator coefficient arrays AX, CX, 

AY, CY, and BB; the source term array F; the topological array NTYPE; the x- 

dimension of the solution array M; the y-diraension of the solution array N; 

the maximum (for all SEVP block subregions) number of starting vector guess 

positions MXGS; the number of SEVP block subregions NBLK; the dimensions of 

the influence coefficient arrays (RINV and RINV1) LD1 and LD2; and the grid 

line number at the top of each subregion, array IE. If any of the user- 

specified dimensions MXGS, LD1, or LD2 is too small for the specified mesh 

topology (NTYPE array), appropriate diagnostic messages are printed in 

subroutine TOPOL and the computation is halted. Most arrays have dimensions 

selected from the following quantities: M, M-2, N, N-2, MXGS, NBLK, and 

NBLK-1.  Specifically, the appropriate dimensions are as follows: 

(M-2,N-2): AX,AY,CX,CY,BB,Q,F 

(M,N): RECUR,X,H,ERR,XX,NTYPE 

Also:  DUM0(MXGS,NBLK-1),DUM1(MXGS),DUM2(MXGS), 

ILFT(N),IRGT(N),IGES(MXGS,NBLK),JGES(MXGS,NBLK), 

ICHK(MXGS.NBLK),JCHK(MXGS,NBLK),NEV(NBLK), 

LINK(M-2,NBLK-1),NLINK(NBLK-1),   IE(NBLK),LI(NBLK), 

and   L2(NBLK-1). 

12 
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The maximum lengths required by RINV and RINV1 are: 

1                    RINV(NBLK*MXGS*MXGS),RINVl((NBLK-l)*MXGS*(M-2)). t 

A complete alphabetical list of the JAYNOR program significant variables and 

their definitions follows.   User -specified variables are denoted by an 

3          asterisk. pF 

i TABLE 1:  JAYNOR VARIABLES AND DEFINITIONS 

1* • 

*" 

Variable Name                      Variable Definition 

AX(I,J)* Left coefficient of difference operator at mesh point 
(I+l.J+1) 

• 

AY(I,J)* Bottom coefficient of difference operator at mesh point 
(I+l.J+1) 

1           BB(I,J)* CentTal coefficient of difference operator at mesh point 
(I+l.J+1) 

CX(I,J)* Right coefficient of difference operator at mesh point 
(I+1,J+1) 

!           CY(I,J)* Top coefficient of difference operator at mesh point 
(I+l.J+1) 

•' 

ERR(I.J) Normalized residual array 
». 

ERSUM Mean absolute residual 
• 

F(I,J)* Source term for difference operator at mesh point (I+l.J+1) 

FSUM Mean absolute source term 

H(I,J) Almost-homogeneous solution component array calculated on 
backward SEVP sweep ijjj 

(IC.JC) Mid-point of island location in SEVP sample problem 

%            ICHK(N.NB) The Ntn residual position in the NBth block is on the 
ICHK(N.NB) vertical mesh line 

(continued) 
— 

* 
* 

13 
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TABLE 1 (continued) 

Variable Name Variable Definition 

IE(NB) 

IGES(N.NB) 

ILFT(J) 

IRGT(J) 

JCHK(N.NB) 

JGES(N.NB) 

LD1* 

LD2* 

LINK(N.NB) 

Ll(NB) 

L2(NB) 

M* 

MXGS* 

NBLK 

NEV(NB) 

The top azimuthal mesh line inside the NB block 
(IE(NBLK)=N-1) 

The N starting vector position in the NBth block is on 
the IGES(N,NB) vertical mesh line 

The left-most point inside the boundary on horizontal mesh 
line J 

The right-most point inside the boundary on horizontal mesh 
line J 

The Ntn residual position in the NBth block is on the 
JCHK(N.NB) horizontal mesh line 

The NTh starting vector position in the NBtn block is on 
the JGES(N.NB) horizontal mesh line 

The dimension of array RINV 

The dimension of array RINV1 

The Nth open residual position in the NBtn block is at the 
LINK(N,NB) residual position (I»ICHK(LINK(N,NB),NB), 
J»JCHK(LINK(N,NB),NB)«IE(NB)) 

The total number of elements in array RINV for blocks below 
block NB 

The total number of elements in array RINV1 for blocks 
below block NB 

The number of vertical mesh lines spanning the problem to 
be solved 

The maximum number of guess points to be encountered over 
all blocks (can be larger) 

The number of horizontal mesh lines spanning the problem to 
be solved 

The number of blocks (SEVP subregions) to be used 

The number of starting vector (or residual) positions in 
block NB 

(continued) 
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TABLE  1   (continued) 

Variable  Name Variable  Definition 

NLINK(NB) 

NTYPE(I,J)' 

Q(I,J) 

RECUR(I.J) 

RINV 

RINV1 

X(I,J) 

XX(I,J) 

The number of open residual positions in block NB 

Topological  flag  array  (NTYPE(I,J)«1  if  the  partial 
difference operator is to be satisfied at the grid point 
located at the intersection of the Itn vertical mesh ] ine 
and Jtn horizontal mesh line; NTYPE(I,J)*0 otherwise) 
Same as F(I,J) 

Real array of l's and O's related to NTYPE 

Influence coefficient array relating unit source terms at 
error vector positions to solutions at starting vector 
positions 

Influence coefficient array relating unit source terms at 
error vector positions to solutions at error vector 
positions 

Solution at mesh point (I,J) 

Same as X(I,J) 
9 

9 
i 

User-specified variable 

15 
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APPENDIX I 

A                        TRANSFORMATION TO DIRICHLET BOUNDARY CONDITIONS FROM 

• 

NEUMAN OR MIXED BOUNDARY CONDITIONS 

Using the notation of Eq. (1) In the main text, suppose the point 

(i-I+1,j-J+1) is inside the boundary, whereby Eq. (1) applies with i»I and 

j«J, and suppose that the point (i=I,j=«J+l) lies outside the boundary, whereby 

Eq. (1) does not apply with i*I-l and j*J. Instead, we apply a "boundary 

condition" of the form 

XI,J+1 "• -• ' Xi+i,j+i    • <3> 

where a and ß are specified. If a • 0 we have a Dirichlet condition, and no 

adjustment is necessary before using program JAYNOR. However, if a + 0 we can 

use Eq. (3) to eliminate Xj j+i from the equation set. We do this by 

substituting Eq. (3) into Eq. (1) with i=I and j=J to obtain 

AI,J " XI,J+1 + BI,J * XI+2,J+1 + CI,J ' XI+1,J 

+ DI,J ' XI+l,J+2 
+ ri,J * XI+1,J+1 " 

ri,J    •   (4) 

where Ij  - 0, ^  - Ej>J - A^ . a, and fj  - f   - Al>J . 6. 

The modified partial difference equation (A) can be solved by program 

JAYNOR; the value of Xj j+i does not matter in this solution procedure, 

although the user is free to calculate the appropriate value, after JAYNOR 

gives the corrct Xj+, ... value, using Eq. (3). Mixed boundary conditions in 

the other three directions from the point (I+l.J+1) can be treated in an 

analogous manner. 

18 
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APPENDIX II 

COMPUTER LISTINGS OF FOUR SEVP VERSIONS 

The main text describes the most general version of program JAYNOR in 

detail. This is Version 2. The differences between each successive version 

and the previous one are indicated by comment cards in the main program 

JAYNOR. 

The listings for four versions follow. 

19 
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VERSION  2 

^ 

t. 01 
2. 00 
3. 00 
». 00 
S. 00 
6. 00 
7. 00 
t. 00 
9. 00    c 
10. 00    c 
11. 00    c 
11. 00    c 
13. 00    c 
1«. 00    c 
15. 00    c 
16. CO    c 
17. 00    c 
18. 00    c 
19. 00    c 
20. 00    c 
21. 00 
22. 00 
23. 00 
2». 00 
2S. 00 
2L. 00 
27. 00 
4s. 00 
29. 00 
30. 00 
31. 00 
32. 00 
33. 00 
3«. 00 
35. 00 
36. 00 
37. 00 
38. 00 
39. 00 
•0. 00      < 
• 1. 01 
«2. 00 
11. 00 
M. 00 
*S. 00 
«6. 00 
«7. 00 
•e. 00 
•9. 00 
50. 00 
SI. 00 
52. 00 
S3. 00 
5«. 00 
55. 00 
56. 00 
57. 00 

PROGRAM  JAYNORfINPUT.OUTPUT 
C0MH0N/SCvP/AXI7,9»,AV<7,9) 

•   RECURI9,UI,RINVI5B8>,R1NV 
B 0UM?I1«),*I9,11>,H(9,11I ,f 
C IRGT(11>,IGF Sll»,3», JRESIS 
0   LINK«T,2»,NLINKI2»,NTYPEI9 

OAT»  M,N,MXGS,NBLK,L01,L02/ 
OATA   If/«,7,10/ 

DIETRICH'S "onnro HADALA SOL 
THIS VERSION IS IDENTICAL TO V 
FOR MAKING RINV AND RINV1 INTO 
BOOKKEEPING TO REDUCE ST0RA6E 
EQUATION TO BE SOLVED IS 
NTYPEfI«l,J*l> • IAX1I.JI • XI 

• AVII.JI • X» 
• i2 - NTYPEII 

: 2 • II - NTYPEII 
• NTYPElI.I.J.l» • Fl 

WHERE TERMS OUTSIDE DIMENSION 
THUS, IF NTYPEII,J)=0, XII,Jt 

H1=M-1 
N1=N-1 
M2IM-2 
N2=N-2 
NBLK1=NBLK-1 
DO 80 J=1,N 
DO SO 1:1,N 

8C   NTYPEII,JUG. 
DO 90 J=2,N1 
00 90 1=2,Ml 

9t   NTYPEII,J» = l 
00 2000 JC=2,N1 
00 2000 IC=2,M1 
NTYPtlIC.JC)=0 
NTYPF<IC-1,JC>=0 
NTYPF|IC«1,JC»=C 
NTYPFIIC,JC-1I=C 
NTYPr»IC,JC«IirO 
WRITEI6.92I IINTYPEII,J),I= 

92   F0RMATI10X.9I11 
CALL TOPOLIRECUR.ILFT.IRGT, 

A NTYPC,IE,M,N,M1,N1,M2,NBLK 
DO 100 J=1,N2 
DO 100 1=1,H2 
AxlI,J>:l.«.0l»II-»|s»2 
Cxll,J>=l.-.01»IT-«i««2 
»YU,JI = 1.».01»IJ-SI*»2 
CVII,J»=l.-.01»IJ-5»»»2 
BBIl,J>=-AXtI,JI-AYII,JI-CX 

100 CONTINUE 
0£N0M:l.25»M»N»*«2 
00 170 J = 1.N 
DO 170 1=1,M 
X<I,Jt=tI-l.l*(I-H)*IJ-l.l* 
XXII>JI=XII,J>*II.-NTYPEII, 

170 CONTINUE 
FSUMZO. 

,TAPES=lNPuT,TAPE6=0uTPUT» 
,BB17,9>,CII7,91,CVI7,91,017,9),FIT,91, 
113081, DUMCII»,2»,DUMlllnl, 
RP|9,lll,rxi9,UI,ILFTin>, 
• , 3 » , ICHK 11» , 3 I , JCHK | 1 It , 3 I ,NEV 13*, 
,11 I.IEI3I.L1I3I.L2I2I 
9,11,1«,3,588,308/ 

VER, VERSION 2. 
ERSION 1, EXCEPT 
1-OIMENSIONAL ARRAYS, AND M0DIFVIN6 

REQUIREMENTS. 

I ,,1*11 * CXII.J) • XII«2,J«1I 
1*1,Jl • CYI1.JI • XII«I,J.211 
•l.J.III • 8BII.JI • XII»1,J«1» 
•l.JMII   •   BBH.JI    •   XII.l.J.ll 
1,Jl, II1=0,1,...,N-1»,1J=0,1,...,N-1>> 
BOUNDS ARE INTERPRETED AS ZERO'S. 
IS LEFT UNCHANGED. 

1,H),J=1,N> 

16ES.JGES.ICHK,JCHK,NEV,LINK.NLlNK, 
,NBLKl,HXGS,Ll,L2,L01iL02l 

II.JI-CYII.JI-.l 

IJ-N)/DCN0M 
•III 
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VERSION  2 
(continued) 

• * si. 00 
sv. 00 
60. CO 
«1. 00 
62. 00 
63. 00 
6*. 00 
ts. 00 
6». 00 
67. 01 
66. 00 
69. 00 
TO. on 
Tl. 00 
72. 00 
73. 00 
7«. 00 
TS. 00 
T6. 01 
77. 00 
7». on 
79. 00 
§0. 00 
• 1. 00 
12. 00 
• 3. 00 
•«• 00 
IS. 00 
16. 00 
17. 00 
•1. 00 
19. 00 
90. 00 
91. 00 
92. OP 
93. 00 
9«. 00 
9S. 00 
96. 00 
97. 00 
96. on 
99. 00 

ICO. 00 
101. 00 
1C2. 00 
103. 00 
10«. 00 
IDS. 00 
106. 00 
107. 00 
101. 00 
109. 00 
110. 00 
111. 00 
112. 00 
113. 00 
11«. 00 
US. 00 
116. 00 
117. 00 

00   171   J=2,N1 
L:J-I 
00   171   1:2,Ml 
• = 1-1 
rtn,Ll:/kX(K,l(»«IKIJI.»1tR,L»»»«l,L).C»m,LI»xll.l.JI»C»m,ll» 

A   Xt J, J'l l'»BU,U«I| I, J) 
171     FSUXrfSUtt.*BS«r«K,lll 

FSUH=N?»N2/FSUH 
TO=SECOhDITl«l 
C»lLJ«YIAX,»Y,BB,Cx.CY,PINif,BINVl,M,BFCUR,ILFT,IRC;T,lGES.J6ES, 

«ICHK, JCHK,NCV,UNK,NLIttK,NTVPE,lE •",N,H2,N?,NBLK,NBLK1,HXES,L1,L2I 
TIHSUH=0. 
DO   111   J=2.N1 
DO   1*1   H2, «1 
011-1,J-1»=FII-1,J-1I 

111       XII,JI=b. 
ALINC=0. 
T0=srC0N01TI«» 
C1LL    N0RIAX,«Y,8B,CX,CY,»l»lv,RlNVltDUN0,DUf«l,DUN?,0,M,Xx,RFCUR, 

* UFT,IRGT,I6eS,JCeS«ICHK,JCHK,NCVtLlN)(,ML!NK,IE,M,N>H?,N2,NBLK, 
B    N»LKl,HrtS,Ll,L?l 

00   990   J=2,N1 
DO   990   1=2."I 

9«0     <l! ,J>--xi 1 , Jl.xxi J , j> 
DO   991   J=1,N 
00   991   1=1.« 

9*1      xni, J>TO. 
00   992   J=2.N1 
L=J-1 
DO   992   1:2,111 
«=1-1 

992      0li,u:FI»,LI-lilx,LI«l],J-ll-»>l«,tH«ll-l,JI-e6lii,ll«lliJI- 
* CX|«,ll»X(I«l,J>-CY<K.LI*XII,J.lI 

1C00   CONTINUE 
9CS      FOBHATIIX.IPISEI.D 

rRsu*=o. 
DC   T*0   1=2,«1 
«=1-1 
DO   7*0  J-2.nl 
L=J-1 
tRBll,Ji:Fm,l)-»Tm,L)*Xll,J-ll-»xm,LI*XtI-l,J>-BBm,LI* 

6   III,JI-C>I«,U"II«1.JI-CI«,U»1III,JM) 
CRB|I,JI=[BR(I,J>*MTYPtlI,J> 
ERSUM=ERSU"«A6StCRR«I«JII 

7*0  fRBII.JiriPRti,ji.rSUM 
FRSuH:ERSUM*FSUH/|M2*N2l 
WRIIf(6,90*» 

9C«  F0»HAT«/»0X,2CHN0RM»LI2E0 RESIDUALS» 
00 7*2 1-2.«1 
URITCI6,90SllEPR(I,J>,J=2,Nll 

7*2 C0NI1NUE 
URI7FI6,906) CRSUH 

9C6  F0PMATI/J7H HE«N ABSOLUTE NORMALIZED RESIDUAL = «1PE9.2I 
IF lERSux.GT.l.E-91 STOP 
IF (IC.Nr.7l NTTPEI1C-1,JCI=1 
IF IIC.NE.K1I NTVPE«IC*1,JCI=1 
IF   IJC.NF.?)   NTYP£UC,JC-1I=1 
IF   «JC.NF.N1I   NTYPEtIC,JC*ll=l 

2C00   NlYPfIIC,JC>=1 
END 

»< 

• 
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VERSION 2 
(continued) 

1. 0? SUBROUTINE J«t <»»,«T.BB,CX.Clr,PIN» .RlNVl.M,BfCUR.ILFT, 
2. 00 lIRGl,16ES,JGES,ICHK,JCHK,NE».LINXtNLlN«,NTYPE,IE,"0,N0,H2,N2, 

3. 00 * NfiLK.NBIKI.«XGS.L1.Li> 
«, 00 01*ENSl0N AXIH2.N2) ,AYIM2,N2I ,BBIH7,N2>,CI (H2.N2) ,CYtK2,N2l, 
5. 00 » RINVt 1 I .RlNVl ( 1 > , P[ CUP|«ü,*r> .MIMl.NOI , 
b. 00 B IlfT<NS>,IRGTtfcOl,L! 1N8LK ).Lilh°L« J I,I6fSI«»GS,N8LK >, 

T. 00 C j6ESIMXGStNBLK| tlCHMNXGS.NBLKI »JCHKIHXGS.NBLKI.NCVINBLK I . 
8. 00 0 IIN«1»-2,NBLIU>,NLIN« tNBLXll.NTYPLIHO.NOI ,IEI>.BL« I 

9. 00 JL = 1                                                                                    * 
10. 00 ID=L1INBLK) 
11. 00 NB = G 
12. 00 ICO     NB-NB»! 
13. 00 NGES=NEvfNB> 
1«. 00 NGES1:NEVINB-1I 
15. 00 L«=LIINBI 
16. 00 LB=L?INB-1» 
17. 00 LC=L?1NBI 
18. 00 JH=IE«NB)                                                                                                                                                                                                       _   , 
19. 00 JHP=JM«1 
20. 00 JHHUH-2 
21. 00 00   25C   NGrl.NGES 
22. 00 I6=IGES|NG,NB   t 
23. 00 JG=JGES|NG,NR) 
2«. 00 JFSJS-1 
25. 00 00  210   j-JL.JHP 
26. 00 DO   210   1=1,HO 
27. CO 210     Ml!,J»=D. 
2». 00 HIIG.JG):]. 
29. 00 IF   IJF.GT.JHHI   60   TO   228 
30. 00 IF   (NTVPElTG,JF>.EO.OI   GO   TO  220 
31. 00 NOP^NLIN«(Nb-1I 
32. 00 DO   21«   N-l.NOP 
33. 00 HiLINMN.NB-ll 
3«. 00 IF   tICHK»H,NR-ll.E0.I6.AND.JCHK|H,NB-l».E0.JFl   GO   TO   215 
35. 00 2 1«     CONTINUE 
36. 00 2 15     DO   218   Nrl.NOP 
37. 00 L=LINXfft,ftP-lJ 
38. 00 218     H<ICHH<L.NB-l*,jFt=RIKVllLB«iN-ll»N6E&l«><|*CVIIG-l,JG>2l 
39. 00 220     00   225   JUF.JHH 
•0. 00 IL=ILFT|J«?|-1 
• 1. 00 IR=IRGT»j.?|-l 
«2. 00 222     DO  225   I-IL.IR 
43. 00 225     MII«I,J.2l--PECUP<I«l,J.2>»tAXII,Jl»MII,J.l>«AYII,Jl»HU»l.Jl« 
M> 00 «    bBII,JI«MlI«l,J»l)«CX(I.JI»M(I«2,J«lH/CYII,Jl 
«5. 00 2«G     DO  230   NCM.NGES 
«6. 00 I:ICMXINC,NB>-1                                                                                                                                                                                   _ I 
«7. 00 JrjCHK(KC.NBI-1 
«8. 00 230     RINV«LA.tNC-ll«NGES«N6»iAXII,J>«H«I,JMI»AY«I,JI«HtI«l,J>»BBtI,J»» 
«9. 00 8    HM»l,J.ll.CXII,J)*H(I.?,J.II 
50. 00 IF   «NB.EO.NBLKI   60   TO  250 
51. 00 NOP=NLlNMNBt 
52. 00 J:IEiNR| 
53. 00 DO   2*0  N=1,N0P 
S». 00 n:LlNK(N,NB) 
55. 00 2*0      »INVtL0«(N-l>*NGrS«N6)=HlICHR|tt,NB»,J> 
56. 00 2*0     HMG.JGi-O.                                                                                                                                                                                               * 
57. no CALL   HATINV<RINVILA«l>,NGES,NGESi 
58. 00 IF   INB.EO.NBLKI   RETURN 
59. 00 DO  260   I=1,N6ES 
GO. 00 00   260  J=1,N0P 
*». 00 RINV1UCMJ-1IPNGES«! iro. 
B2. 00 DO   260  xri.NGES 
*'• 00 2(0  »INvl(lC*IJ-ll*N6ES«II=RINVllLC*IJ-ll*NGES«II- 
**• 00 * RINV<LA«<K-1>*NGES«I|*RINV(LD'MJ-1l»NGES»R> 
*5« 00 C  RINVH I, J.NR) IS TMr "ALMOST M0M0GENE0US,• SOLUTION XT THE J-TM OPEN 

**• 00 C  RFSIDUXL POSITION FORCED BY A RESIDUAL »ALUE OF 1 AT THE I-TM 
*7' 00 C  RESIDUAL POSITION.  HOMOGENEOUS B.C.*S ART ASSUHED EVERYWHERE. 
••• 00 C  INCLUDING THE TOP OF THE PRESENT SUBREGION N6. 
69. 00 JI=JM 

70. 00 60 TO 100 
W« 00 END 
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VERSION  2 
(continued) 

01 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
OP 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
OP 
00 
00 
00 
00 
00 
00 
00 
00 

SUBROUTINE NORUX.XV.BB.C 
lRECUR.lLfT.IBGT.I&rS.JGtS 
* N2tNBLK,NBLKl.HX6S>LitL2 
OI"£NSION »XtH?,N2>,«YIM? 

* RINVIll.RINVltl l,R£CU»l" 
B lLFT(NOI.IRGTINO).11INBL 
C JGES|NXGS,NBLK»,ICHK«HXG 
0 LTNM»2,ftBlKl),NLTNMNBl 
DIMENSION DUM0IH7.NBLK1), 
COMHON/BSM/AIT.ALINE.BIT, 
JSri 
00 ISO NB:l.NBLK 
LC=L?<NB) 
JF:ltlNB>-2 
DO 10S J=JS,JF 
It=ILFTIJ«?l-l 
IR=IRGT1J*2)-1 
00 105 I-It.IK 

1CS  Xll»l,J«2»:RECURII*1>J*2I 
A III*J.JI-BBII,JI*X I I« I , J 
B RFCURII«1,J«2II*XII«1,J* 
IF INB.EO.NBLKI GO TO ISO 
NGES?NEVfNBl 
DO IIS N=1,NGES 
I:ICMKIN.NBI-I 
J:JCHKIN,NRI-1 
DU»llMI:r<I,JI-»KII,J»»xl 

* x«i»i,j«ii-cx(itJ>*xti*2 
NOP^NLlNKINBI 
jrlEINBI 
DO   120   Nn.NOP 
DUM2(N>=0. 
00   116   Mrl.NGES 
DUM2fNi:0UN2(NI«DUMl(H>*R 
H:LINMN,NBI 
I:ICHKIH,NBI 
PU"0(N.N8 IZXII ,J) 
X«IIJI=XII,JI-DUH2(N) 
JSSICIMBI 
DO 310 NB1=1,NBLK 
NB=NBLK-NBI«I 
JS = 1 
IF   INB.NE.1I   JS=IE«NB-1I 
JFrIClNBI-2 
fcfcSLllWI 
LB:L2INB>1> 
N&rs-NfvlNBi 
IF (NB.EO.NBLKI GO TO 201 
jrJCIMI 
NOP:NLINXINB» 
DO 200 N-l.NOP 
n:LINKIN.NBI 
UICMKIM.NBI 

2C0     III.Jl:OUMPIN,NBI 
2tl     CONTINUE 

RSfttMl 
00  202  JTJS.N 

X,CY,PINV.RINV1,0UM0,DU"1,0UH2,F,M,X, 
,ICMK, JC HK, NE V.LINK, MINK,IE,«Q.NC,«2, 
I 
,N2l,BBIM7,N2t>CXIH2,N2lfCTIH2,N2)> 
G.NOt,MIrO.NOI, 
K»,L2INBt.KI».IGEStKX6S,NBL,l<»t 
S,NBLK»tJCHKCHX6S,NBLK>.NEV(NBLK». 
Hll.IEINBLKI 
0UH1IMXGSI.0UN2(HXGSItriH2,N2I.X|N0,N0l 
BLINEfITH*X 

IIS 

1 18 

i;o 
ISO 

•(F«1»J1-»XII,J)*XII,J»11-«T1I,JI» 
•1>-CX<I,J>»XI1«2,J«1>>/CYII,JI«(1. 
21 

I,J»ll-«riI,j»*X(I»l,j)-BBU,Jl» 
•]I-CYII,JI*XII«1.J*2> 

INV1ILC«IN-II*NGES*N| 

I 
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r j 

ä 

«I 

a 

VERSION  2 
(continued) 

58. 00 
59. 00 2t2 
to. 00 
61. 00 
62. 00 
63. 00 210 
6<t. 00 
65. 00 
66. 00 
67. 00 
68. 00 218 
69. 00 
TC. 00 
71. 00 
72. 00 2 20 
73. 00 
7». 00 
75. 00 2 22 
76. 00 
77. 00 
78. 00 
79. 00 
*G. 00 
81. 00 2'Q 
82. oc C  M 
83. 00 C  0 
84. 00 C  R 
85. 00 
86. 00 
87. 00 
88. 00 
89. 00 2 38 

90. 00 
91. 00 2*0 
92. 00 2*0 
93. 00 
9«. 00 
95. 00 
96. 00 
97. 00 
98. 00 
99. 00 3 CO 
00. 00 

DO   202   1=1,HO 
H(I,J)=0. 
00 210  N=1,NGES 
1 = ICHMN,NBI-1 
J=JCHKlN|NPt-l 
0umihUF«7..JI-»<IIi->>»Xll,J«l>-«Y<I,JI*X(I«l,Jl-BBII,J>* 

6   xtl«l,J«l)-CXIl,J)»XU«2,J»ll-CTM,JI»xll«l.J^2t 
00   220   h=l,NG£S 
0UH2tN»:0. 
DO  218   Hrl.NGES 
DU«,2tN>=DuH2IN>»0uHllHl»RIN»ILA,|N-ll«'NGES»H> 
isieestHtMi 
J:JGFSIN,NA> 
Mil,J)=0UH2IN> 
Xll.Jirxu ,J»«0UH2(H1 
IF INB.E0.1I GO 70 250 
00 222 N-l.HI&S 
Ou«HNi:0. 
N0P:NLINK«NB-1» 
J=JS 
00 230 N=1,N0P 
«nlM IN ,NH-1 1 
I-ICHK(H.NR-1I 
Du"lIMI^HtI,J«l>»CYI1-1,J-I> 

HHCN BOUNDARY IS IRREGULAR, THERE 15 SOME UISTEO CALCULATION HERE IN 
OROCR TO ««LID LOGICAL DECISIONS OR EXTRA ST0RA6E CNGES COULD BE 
REPLACED BY NLINKINBI I 

N6fS=NE>(NB-1I 
00 2*0 N:i,NOP 
Ou«2INI=n. 
00 238 H=1,NGES 
DUM2IN>:0uM2tN)«DUHKH)*RINVllLB»IN>l)*NGES*H) 
H:LINKIN,NB-1t 
MlICHKlH.NR-lI,JCHKIH,NB-1I>=0UH2«N> 
DO   300  J=JS,JF 
IL = UFT«J«7»-1 
IR=IRGT4J»?»-1 
00   300   I=IL,IR 
0unilII:-RECURII*l,J*2l*IAXII,J>*H(I,J«l)«AYII,JI*H(l4llJ|<» 

A   BBII,J>*H<I*l,J«lt*CxtI,JI*HII«2lJ«l>)/CYfI,JI 
MII*l,J«?l=DUHl<II*ll.-RCCURfI*1,J*2I)*HII*1,J*2I 
Xll«l,J«2»rx«I»l,J«21»0UHlll» 
END 
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1. Cl 
2« 00 
3. 00 
«• 00 
5. 00 
6. 00 
7. 00 
6. 00 2 
9. 00 
10. 00 
11. 00 
12. 00 a 
13. OD 
11. 00 ir 
IS. 00 
16. 00 
17. 00 
1*. 00 
19. 00 
20. 00 
21. 00 
22. 00 
23. 00 IS 
2«. 00 
2S. 00 
26. 00 
27. 00 
26. 00 
29. 00 
30. 00 
31. 00 
32. 00 
33. 00 
3«. 00 
35. 00 
36. 00 
37. 00 
38. 00 
39. 00 
«a. 00 
«i. 00 
• 2. 00 
«3. 00 
««. 00 
»S. 00 
*6. 00 
47. 00 2C 
»8. 00 
• 9. 09 
SO. 00 
SI. 00 *f 
sz. 00 
S3. 00 
S<t. 03 
5S. 00 
S6. 00 
57. on 
5«. 00 
S9. 00 
60. on 
61. 00 • r 
62. 00 
63. 00 
6«. 00 
Mi 00 
66. 00 
67. 00 ICO 
6«. 00 C  I 
69. 00 C  0 
70. 00 C  B 
71. 00 
72. 00 
73. 00 ISO 
7<t. 00 
7S. 00 
76. 00 
77. 00 
7«. 00 
7». 00 2 TO 
• 0. 00 2T2 
tl. 00 
M« 00 
13. 00 

r- — •-••..-.-••••••• "-^-- "        "-T—        -    •     -    • " "        -        - "    -   - -     •    " "     •    "     • 

VERSION  2 
(continued) 

SUBROUTINE TOPOH«ECUf>,ILFT,in.GI,IGES,JGES,ICHK,JCHIl,HE V.LINK, 
1NLINK,NTVPE,IE,»I,N,H1,N1,N2,NBLI«.NBLK1,NXGS,L1,L?,ID1,L02I 
DIMENSION  »rcuBtH.NI,     IlfT(NI ,1RG11»I,I&FS(*XGS.NBl*>, 

• JGESIMXGS,NBLK>,1CHK<NX6S,NBLKI,JCMKIHXGS,NBLXI.NEVINBLKI, 
BLlNMH2,NBLM>,NLlN«llN6L»U>,NlVPE|N,NJ,lElNBmi,Ll«NBLIU,\.2«HBL».l> 

DO   10  Jx2.Nl 
1=0 
!•!•! 
IF    IN-lfPC U,j>*Nim ll.J-ll.f O.O.AND.l.LT.Hll   CO   70  2 
ILFTIJI=I 
I=" 
1=1-1 
IF   INTVPEII,J»»NTVPEIl,J-l».tO.O.»NO. 1.GT.l»   GO  70   4 
IRGTIJI=I 
IRGlllt=2 
ILFT«1»=2 
ILF1IN)=2 
IMtlMtsI 
00   IS   J=2,N1 
IF   lliriui.lt .IPfcTuil   GO   70   IS 
IRGTIJ):? f 
ILFIIJI=2 
CONTINUE 
JMlN=2 
MXLN«=0 
LUIUO 
12(11:0 
00   ICQ   NB=1,NBLK 
NGES=0 
NCHK=0 , 
JMAXrlElNBI 
oo «n i=r,Ni 
NH=NTVPEII,JHIN-1I 
NU-NTTPEII.JNIN1 
00 «0 JIJNlN.JHAX 
NL=NH 
NHSNII 
RECURII,Ji=NM 
IF INL.EO.O) RECURII,J»=0. 
NU=NTYPE<l,J«l» ' 
IF INH.EO.ni GO TO «0 
IF (NL.EO.l.AND.J.NE.JNINI GO TO 20 
N6ES=NGES»1 
IF INGES.GT.MXGSI GO TO 200 
IGES<NGES,NBI=I 
J6FS«NG£StNBI=J 
IF CNU.EO.L.AND.J.NE.JHAXI GO TO «0 
NCHKSHCHK*] 
ICHMNCHK,NB>=I 

JCHMNCHK ,NB)=J 
CONTINUE 
NEV«NBI:NGES 
IF   INB.EO.NBLKI   GO   TO   100 
NLNK=0 
DO   80  K=1,NGES 
isTCtMtKfUl 
j:JCHK(K,NBI 

IF INTYPFII|J«1I.EO.01 GO TO BO 
NLNK=NLNK*t 
LINK(MLNK,NB>=K 
CONTINUE 
NLINKINB>=NLNK 
HXLNK=HAX,jlNXLNK,NLNI<»N6ESl 
11<NB*1)=L1 tNBl*NGES**2 
IF   (NB.NE.NBLKll   L2INB«! >=L2<NB l»NGES»NLNK 
LRINV1=L2«NB»»NGES»NLN« 
JHTN:JMAX»I 

IF NXLNK.GT.NGES«NGES, THERE IS SOME WASTED STORAGE THAT IS VERY 
DIFFICULT TO PROGRAM AROUND, BECAUSE OF THE DUAL ROLE OF TME LAST 
BLOCK OF RlNv, WHICH IS USED AS A SCRATCH AREA FOR RINV1 DATA. 

LRINV=L1<NPLK>«MAx0tMXLNK,NGES**2> 
WRITE(6flSni LRINV.LRINV1 
FOPMATISSM DIMENSIONS REOUIREO FOR RINV AND RINVI ART LDI, L02 = , 

A1S,2X,T5,1H./12«H IF EITHER INPUT VALUE L01 OR LOZ IS TOO SMALL, T 
»HE COMPUTATION IS HALTED HERE, AND THE USER MUST INCREASE LDI AND/ 
COR LD2 T0/72H THE INDICATED VALUES.» 
IF IILDl.lT.LRlNVt.0P.«LD2.LT.LRlNVl)l SVOP 
PtTuPN 
WRllEt6,?0?> 
F00MAT(9/H DIMENSION PARAMETER MXGS Is TOO SMALL FOR SPECIFIED TOP 

AOGBAPHV AND SUBRFGION SPECIFICATION.) 
STOP 
END 
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t 

1. 00 
2. 00 
3. 00 
•• 00 
S. 00 
6. 00 
T. 00 
t. 00 112 
«. 00 
10. 00 
11. 00 i:o 
12. 00 
13. 00 125 
It. 00 
IS. 00 127 
16. 00 
17. 00 
It. OP 13S 
19. 00 110 
20. 00 
21. 00 
22. 00 
23. 00 1*0 
2«. 00 
25- 00 
26. 00 m 
27. 00 
2«. 00 
29. 00 156 
30. 00 
31. 00 1*7 
32. 00 
33. 00 
3«. 00 
3S. 00 160 
3*. 00 i;o 
3». 00 

VERSION 2 
(continued) 

SUBROUTINE H*TINViB,N,*> 
DIMENSION BIN.lt,B1UO0»,62(1001 
M=N-1 
00 110 1=1."I 
•1(11=1./til,I» 
Btl,11 = 1.0 
00 112 J-l.« 
(II,J|:8II.JI»»1I1I 
irisi«! 
00 120 I1 = I*>1," 
BllIll=B«Il,Ii 
00 12S Il:IPl,« 
BUI.11 = 0. 
00 127 J=1,H 
B2IJI=B(I>JI 
DO 13S I1=IP1,H 
00 13S J-l.H 
B(Il,Jl=BIIltJI-Bl(Ill*B2IJI 
CONTINUE 
B1I1)=1./B«N,NI 
BIN.Mtn. 
DO 1*0 J=1,M 
B(f,JtratM,J|*B1I1 1 

DO ISO 1=2.« 
DO 1SS 12=1.1 
B1II2I=BII2,Ü 
IN1=I-1 
00   IS«   12=1.INI 
BIT2.II=0. 
DO   1S7  J=1,H 
B2IJt=BIItJI 
IN1=I-1 
00   160   I2=I.IH1 
DO   160  J=l." 
BII2.JI=BII2.JI-B1<12I*B2IJI 
CONTINUE 
ENO 

I 

• 
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VERSION 3 

i 

I 

1. 01 
2. 00 
1. 00 
t. on 
S. 00 
<>. 00 
1. 00 
6. 00 
9. 00    c 
10. 00    c 
11. 00    c 
12. 00    c 
13. 00    c 
1«. 00    c 
IS. CO    c 
16. 00    c 
IT. 00    c 
1«. 00    c 
19. 00    c 
20. 00    c 
21. 00    c 
22. 00    c 
23. 00    c 
2*. 00    c 
25. 00 
26. 00 
27. 00 
2*. 00 
29. on 
30. 00 
31. 00 
32. 00     1 
33. 00 
3«. 00 
SI. 00      < 
36. 00 
37. 00 
3«. 00 
39. on 
• 0. 00 
«1. 00 
• 2. 00 
»3. GO 
M. 00      t 
*». 01 
«6. 00 
• 7. 00 
M. 00 
«9. 00 
$0. 00 
SI. 00 
12. 00 
S3. 00 
S«. 00 
ss. 00 
5*. 00 
57. 00 

PROGRAM J»THOR(1NPUT,OUTPUt,T»PES;INPUT,TAPEI - OUTPUT I 
CONH0h/StVP/AX«7,9>,AY(7,9>,BBC7.9>,CX«7,9>,0C7,9l,F«7,9l, 

* RECURt9,ll>,RINV«5S8>,RINVll3081,DU"0ll«,21,DUNl«l»l. 
B DUMr(Hil,XI»,lll1MI9,ll»,ERR|9,lll1XXt9,in,IlFTIll», 
C lRtTilll,I6tiU«,?I.JGE5ll»,3l,lCMmi»,3J,jCHKIli»,3ltNEVt3l, 
0 LINRIT,2»,NLINII<2>,NTVPE<9,11I,IEI3I,L1I3I,L2<2I 
DAT* H,N,HXGS,NBLK,L01,L02/9,11,19,3,S88,30SS 
DAT« ir/*,T,10/ 

DIETRICH'S «ODiriED K«0»L« SOLVER. VERSION 3. 
THIS VERSION IS IDENTICAL TO VERSION 2, EXCEPT 
CT HAS BEEN ELIMINATED. 1ST DIVIDING THROUGH THE ELLIPTIC EQUATION 
BT THE COEFFICIENT OF III«I,J<!I, THE USER CAN USUALLY SET THIS FOR* 
IN A STRAIGHTFORWARD MANNER. IF THIS COEFFICIENT VANISHES NEAR UPPER 
J-B0UN0AR1ES, A MODIFIED FORM OF THIS VERSION, IN WHICH THE RESIDUAL 
CALCULATION AT THE CORRESPONDING ERROR POINTS IS HOOIFIEO, MOULD BE 
USEFUL.1 
EQUATION TO BE SOLVED IS 
NTYPEII'l.J.I) • IAXII.J) • XII,J.II • CXII.J) • XII«?,J«l> 

• AYII.J» • 111*1,J* • XII«1.J«2I1 
* »2 - NTYPEII«1,J«1»» • BBII.JI • Ill'l.J'll 

= 2 • II - NlYPFll.l.J.ln • BBII.J» • ill'l,J>ll 
« NTYPEil.l, J. 1 1 • FII.J1, 111=0,1,...,*.-!>,IJ=D,1,...,N-1II 

WHERE TERMS OUTSIDE DIMENSION BOUNDS ARE INTERPRETED AS ZERO'S. 
THUS, IF NTYPEII,JI=0, XII,J) IS LEFT UNCHAN6E0. 

H1=H-1 
N1=N-1 
H2=H-2 
N2=N-2 
NBLKlrNBLK-1 
DO   BO   J=1,N 
DO   80   1=1,H 

Bt        NTVPC|I,JI=0. 
00   90   J=2,NI 
DO  90   1=2,Ml 

9C        NTYPEII,J»=1 
DO  2000   JC=2,N1 
DO   2000   IC=2.M1 
NTVPElIC.JCirO 
NTYPCUC-1,JCI=0 
NTYPE|IC«1,JCI=0 
NTVPE|IC,JC-1I=0 
NTYPFIIC,jC«ll=0 
WRITE I 6,92 I   IINTVPEII.J».I-1»NI.J=1.N1 

92       F0RHATI10M,9I1I 
CALL   T0P0LIRECUR,ILFT,IRGT,IGES,JGES,ICHK,JCHII,NEV,LINK,NLINK, 

«   NTYPE,IE,H,N,H1,N1,N2,NBLK,NBLK1,MX6S,L1,L2,L01,L02* 
00   100  J=1,N2 
DO   100  1=1,H2 
*XII,JI=l.*.01*II-9>**2 
Clll,JI=l.-.01»tI-»>»»2 
AVIl,J)=l.».01*IJ-5>»»2 
BBII,JI = I-AXI1,J»-AVII,JI-CXII,JI«.01»IJ-SI»«2-1.1»/U.-.01«IJ-SI 

•••21 
100  CONTINUE 

OENOM=l.2S*M*N>**2 
00   170  J=1,N 
00   170   1=1.M 

I 

. 
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- 1 
VERSION 3 

(continued) 

V. 

•• 

v: 

s 

M. 00 
59. 00 
»0. 00 
61. 00 
62. 00 
«3. 00 
*». 00 
»5. 00 
66. 00 
»7. 00 
6*. 00 
69. 00 
TO. 00 
n. 01 
72. 00 
7J. 00 
7». 00 
75. 00 
76. 00 
77. 00 
7«. 00 
79. 00 
80. 01 
61. 00 
• 2. 00 
• 3. 00 
a«. 00 
65. 00 
•6. 00 
• 7. 00 
66. 00 
69. 00 
•0. 00 
H. 00 
»2. 00 
• 3. 00 
9*. 00 
95. 00 
96. 00 
97. 00 
96. 00 
99. 00 
100. 00 
101. 00 
102. 00 
103. 00 
10«. 00 
105. 00 
106. 00 
107. 00 
106. 00 
109. 00 
110. 05 
HI. 00 
112. 00 
113. 00 
11*. 00 
115. 00 
116. 00 
117. 09 
116. 00 
119. 00 
120. CO 
121. on 

XII, Jl-U-1 . » • t I -H »» I j-1. )»( J-HI/OENOH 
IIIl,J>=III,J)*ll.-NTYPEtI,J>l 

170 CONTINUE 
FSUH=O. 
00 171 J-2.N1 
l=J-l 
DO 171 1=2,HI 
« = 1-1 
F|K,L>3AXIK,LI*III,JI«*YIK,LI*X<I,L)«CXIK,L>*XtI«l.J>* 

* XtI,J*lt«BBIK,L>*X(l,JI 
171  Fiu*:rSU>««»B51FIK,Lll 

F5UHTM?*N2/FSUN 
70=SEC0ND«T1HI 
CALL J»YI»X,»Y,BB,CX,»INV,B1NVJ,H,RECUR,ILFT,IBGT,IGES,JGES, 
»ICMK,JCHK,N£V,LINK,NLINH,NT»PE,IEtH,N,N2,N2,NBLK,NBLIIl,HXGS,Ll.L2» 
TI«SUM=0. 
DO 181 J32.N1 
DO 181 1=2.HI 
0»I-1,J-1I=FII-I.J-1I 

181  XII,J»=0. 
»LTNE=0. 
T0=SECOND»TIH| 
CALL NORt»X,«Y,BB,CX,RINV,RINVltDU"0.DUHl,0UN2,0,H,XX,RECUR, 

* ILFT,IRGT,IGES,JGES,ICMK,JCHIl,NEV,LlNlt,NLlNlt,IE,H,N,H2,N2,NBLK, 
B   NBLK1,HXG5,L1,L2> 

DO  990  J=2.N1 
00   990   1=2,HI 

990 II!,Ji:>l],JI«XX(I,JI 
DO   991   J=1,N 
DO   991   1=1,H 

991 XXII,Jl=0. 
DO  992   J=2,N1 
L=J-1 
DO   992   1=2,HI 
11 = 1-1 

9 92      0IX,L»3FIK,L>-«Ym,L>»Xll,J-ll-»X|«,LI»XII-l,JI-BB(K,L>»XII,J)- 
* CXIX,LI*XII*1,JI-XII,J*1» 

1C00 CONTINUE 
9C5     F0RH»1I1X,1P1SC6.1I 

ERSUH=0. 
DO   T«0   1=2,HI 
rtsi-i 
DO   7*0  J=2,Nl 
l=J-l 
ERBII,J)-F(K,LI-«YIR,L)«XII,J-l>-»XIÄ,LI««U-l,J)-PB(K,L)* 

* X*I,J>-CX<K,LI*X|I«1,J|-XI1,J«1I 
ERRII,JI=ERRU,JI*NTVPEII,JI 
CRSU»=ERSU*<*BStERR|I,J|l 

760     ERRII,JI=EBR«1.J»»ESUH 
CRSUH=ERSUH*FSUH/tH2*N2l 
WRlIEt6,90«) 

9C«     FORM»TI/U£X,?OHNORH»L1?EO   RES10U6LSI 
00   7*2   I=2,H1 
URITCI6,9Q5)IERftlI,J>,J=2,Nll 

7«? CONTINUE 
URITEI6.906I CR5UH 

9C6  F0RHATI/J7M HEXN ABSOLUTE NORMALIZED RESIDUAL I «1PE9.7I 
IF (ERSUM.GT.l.E-Ht STOP 
IF   «IC.NE.2*   NTYPEIIC-1.JCI=1 
IF   «IC.NF.M1I   NTYPE(IC*1,JCI=1 
IF    IJC.NE.?i    NTYPE UC,JC-1» = 1 
IF   «JC.NE.N1I   NTVPElIC,JC«li:i 

2C00   NTYPfIIC,JC)=1 
END 

- 4 
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VERSION 3 

(continued) 

SUBROUTINE J*ri*X,*»,SB,CX,RlNV,»lNH,H,»£CuR.KFT. 
1IRGT.IGES.JGES.ICHK.JCHK.NEV.LINK .NLlNK ,NTYPE , IE .HO,NO,N2.N2. 
» NBLK,NBLK1,HXGS,LI,L2I 
DIMENSION *XIM2,N2>,«Y«M2,N2llBBIM2,N2>,CXtM2lN2l, 

* RINVin,RlNWl(JI,RECuP(«0,N0l,M(MP,NO), 
B UFT(N0l,IRGT(N0),LllN6lKl,l2INBL«l»,I&rS<"XGS,NBLK>, 
C   J6ESINXGS,NBLK),ICHH(HXGS,NBLKI,JCHKIHXGS,NBLKI,NEVINBLKI, 
0 LlNMH2,NBL«l»,NLINKCNBLKll,NTYPEtN%N0l,IE(NBLKI 

JL = 1 
10:L1INBLKI 
NB=0 
NB-NBM 
NGES:NE«INPI 
NGES1=NEVINB-1> 
L6=Ll(NBI 
LB=L2tNB-l) 
LC=L?INBI 
JM:ie<NBI 
JHP:jH«l 
JHMZJH-2 
DO   253   NG-l.NGES 
IGMGESING.NB   I 
jG:jeesiN(tMi 
JFSJG-1 
DO 210 J=JL,JHP 
DO 210 1=1,MO 
HtI,JI=G. 
HIIG.jGiri. 
IF   UF.GT.JHMI   GO   TO  228 
IF   <NTYPEiIG,JF).EO.Ol   GO   TO   220 
NOPiNLlN««NB-1» 
DO   21«   N-l.NOP 
MILINMN.NP-II 
IF IICHK<M,NB-1>.E0.1&.»N0.JCHKIN,NB-1I.E0.JFI GO TO 21S 
CONTINUE 
00  218   N=1.N0P 
L=LINK«N,NB-1> 
HIICMKIL.NB-l>.jFI=RtNVl(LB«IN-ll*NGESl«NI 
DO   225   J=JF,JHN 
U = ILFTtJ»21-l 
IR=IftGTIJ*2l-l 
DO  22»   I=IL,IR 
Mil«!, J«2ir-RECURII*l,J«2l*ltllI,JI*H(ItJ«ll«6Y<I,JI»HII*1.J>« 

1 6611, J>*H<l*l,J*ll*extIlJI*HII*2,J*lM 
DO  230   NCH.N&ES 
I:ICHKINC,NBI-1 
J=JCHMNC,NBI-1 
RINV(l««(NC-ll*NGES«NG>:8X(I,J>*HII,J«l»*6Y<I,J)*H<I«l,J,*B8l I.JI* 

8   nil- 1, J» J (»CXI I,JI«Nl!.J,J.l ) <" 
IF   INB.EO.NBLKt   60   TO   250 
NOP^NllNMNB) 
J=IE«NB> 
00   2*0   Nri.NOP 
N:LINMN,N6I 
RINV(iD*(N-ll*NGES«N6)=HIICHK|M,NBI,J> 
HIIG.JGI-O. 
C»LL M8IlNVIRINVIL8«ll,NGE5,NStSI 
IF INB.EO.NBLKt RETURN I 

S*. 00 00 260 I=l,N6ES 
60. 00 00 260 jrl.NOP 
61. 00 RINVllLC*IJ-l>*N6E5«Ii:0. 
62. 00 DO 260 K=1.N6ES 
65. 00      260  •INV](LC«<J-ll*N6ES«Ii:RINVllLC«tJ-l>*NGES*II- 
6«. 00 * RIhVU»»CK-l»»NGES«II»RINmO»«J-l»»NG£S«KI 
hi. 00 C RlNVltl.J.NBt 15 THE "8LR0ST HOMOGENEOUS* • SOLUTION 8T THE J-TH OPEN 
66. 00 C RFSI0U8L POSITION FORCEO BY 8 RESI0U6L V8LUE OF 1 8T THE I-TM 
67. 00 C RESI0U8L POSITION.  HOMOGENEOUS B.C.'S 8RE 8SSUMED t*EBT»HiPE. ( 
68. 00 C INCLU0IN6 THE TOP OF THE PRESENT SUBREGION NB. 
6*. co •au» 
TO. 00 60 TO 100 
71. 00 FMO 

1. 01 
2. 00 
1. 00 
6. 00 
5. 00 
t>. 00 
7. 00 
8. 00 
«. 00 

10. 00 
11. 00 
12. 00 iro 
12. 00 
Ik. 00 
15. 00 
U. 00 
IT. 00 
18. 00 
19. 00 

00 
21. 00 
22. 00 
23. 00 
?«. 00 
?S. CO 
2b. 00 
27. 00 210 
28. 00 
29. 00 
SO. 00 
Ji. 00 
32. 00 
33. 00 
31. 00 
35. 00 21« 
36. 00 215 
37. CO 
38. 00 2 18 
39. 00 2 20 
«0. 00 
• 1. 00 
«2. CO 2 22 
«3. 00 2 25 
6*. 00 
«5. 00 2 26 
«6. 00 
«7. 00 
«6. 00 2 30 
«9. 00 
SO. 00 
SI. 00 
52. 00 
S3. 00 
56. 00 
55. 00 2*0 
56. 00 2'0 
S7. 00 
SB. 00 
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VERSION  3 
(continued) 

r 

m 

v. 

* 

1. 01 
2. 00 
3. 00 
*. 00 
5. 00 
• . 00 
7. 00 
•• 00 
9. 00 
10. 00 
11. 00 
12. 00 
13. 00 
1«. 00 
IS. 00 
1*. 00 
17. 00 
IS. 00 1CS 
1». 00 
20. 00 
21. 00 
22. 00 
23. 00 
2«. 00 
2S. 00 
26. 00 115 
27. 00 
28. 00 
29. 00 
SO« 00 
31. 00 
32. 00 
33. 00 11« 
3«. 00 
». 00 
3b. 00 
37. 00 120 
3t. 00 150 
39. 00 
«0. 00 
«1. 00 
•2. 00 
«3. 00 
««. 00 
»s. 00 
«6. 00 
• 7. 00 
•». 00 
• 9. 00 
$0. 00 
Sl. 00 
52. 00 
S3. 00 2 CO 
5«. 00 2C1 
•5. 00 
S». 00 
S7. 00 

SUBROUTINE NOR(»X,»»,BB,CX,RINV,RINVI,UJNO,OUMI.DUMI,F,N.X, 

1» t CUB, IL n, I R6 T, I GE S, J6ES,ICHK,JCHK,NtV ,L INH.NL INK, If , MO. NO, «2. 
* N?,NBLK,NRLK1,MXGS,ll,L2> 
DIMENSION «XIM2,N2>,AVIH2,N2l,8B(M2,N2llCXIH2,N2»t 

* RINVI11,RiNVltl),RECURINü.NOl,HlNO.NO», 
B 1LFT|N0>,IRG1IN0> ,L1 INBIK>,L2(N8LK11.IGESIMXGS,NBLKI, 
C j6ES|NXGSiNBLKi,ICHMHXGS,NBlK», JCHKINXGS.NBLKI.NEVINBLK>, 
0 LINK(M2tNBLKlt.NLltaKINBLKl)iir(NBLK) 
01 MENSION DUM01M7,NBLKll,DUMltMxGSI,DUM2IMXGS),FIM2,N2l,x|M0,N0l 
JSri 
00   ISO  NBH.NBLK 
LC=L?«NBt 
JFrltlNB»-? 
00   IPS   J=JS,JF 
U = llFTIJ*?l-l 
IRrlRGTIJ«2t-l 
DO   105   I-1L.IR 
XlI.l,J,21=RECURfl»l,J«21»(FII,JI-»XII,JI»XII,J»l>-»Y(I,J»» 

* X«I«l,J)-BBIl,Jl»XII«l,J«ll-CXII,JI*X(1.2,j«J))»(l.- 
B   RECURU»l,J»2l>»XII«l,J»2> 

IF   INB.EC.NBt.ll»   60   70   ISO 
M6E$:NC«<HBI 
DO   IIS   Nrl.NGtS 
I=ICHKIN,N8>-1 
J:JCHMN,NB>-1 
OuMl(Ni:r<I,J)-*XII,J)»i(I,J.l)-XTII,Jt*XII.l,JI-BBII.JI* 

* XI 1*1, J»l>-CX II, J»»X 11*2, J«l »-Xll«l ,J»2> 
NOf» = NLlNKINB> 
•isieimi 
00   120   Nrl.NOP 
0UM2IN1I0. 
00   118   M=1,NGES 
0UM2INU0UM2INI»0UM1|HI*RINV1ILC«IN-1|*N6CS«NI 
M=LINKIN,NB) 
I=ICHKIM,NB> 
0UM01N,NBI=XII,J» 
XII,J»:XII,J1-0UM2IN1 

JS-lCtUBt 
00 300 NBi:i,NBLK 
NB^NBLK-NBl«! 
JS=1 
IF   INB.NC.Ü   JS=IE<N8-1I 
JFrItlNBI-2 
LASllINtl 
ie=L?INB-ll 
NGES:NCVINB) 

IF INB.EO.NBLK* GO 70 201 
J=IEINSI 

NOP-NLINKINB» 
00 200 N-UNOP 
H:LINKIN,NB> 
I:ICHKIN,NB> 
X|I,J>rOUMPINtNBI 
CONIINUC 
•XXCtMl 
00   202   jrjS.N 
00  202   1=1,HO 

- 
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VERSION 3 
(continued) 

I 

sa. 00 2C2 
St. 00 
»0. 00 
*i. 00 
t.2. 00 210 
»I. 00 
*<.. 00 
as. 00 
M. 00 
»7. 00 218 
8a. 00 
8«. 00 
TO. 00 
n. 00 2 20 
72. 00 
TJ. 00 
7». 00 222 
75. 00 
7«. 00 
77. 00 
78. 00 
7«. 00 
80. 00 2 70 
• 1. 00 C  H 
•2. 00 C  0 
83. 00 C  R 
8«. 00 
es. 00 
86. 00 
87. 00 
88. 00 2 38 
89. 00 
«0. 00 2«Q 
91. 00 2*0 
92. 00 
93. 00 
9«. 00 
9S. 00 
9k. 00 
97. 00 
98. 00 3 CO 
99. 00 

M(1|JI=0. 
DO  210   N-l.NGES 
I=ICHKINfNPI-l 
J:JCHKIN,NB)-1 
DUHl(N):riI,JI-»»II,J)»X(I,J»l)-»YII,JI**tI*l,JI-BBlI,J)* 

*   X<l»ltJ»l>-CXII,JI*X«I«2,J»ll-X«I«l,J»2l 
DO  220  N-1.N6ES 
DU«2IN>=0. 
DO  218   M-1,NGES 
DUM2(N»=DUH2(N>«DUM1IH)*RINVILA«IN-1I*NGES*H* 
I:IGESIN,NBI 
J=J6FS«N,NBI 
H<I,J):DUH?INI 
XII,J|:i(I,J)«DUM2(N> 
IF   «NB.EQ.lt   CO  TO   2S0 
00   222  N=1,HXGS 
DUHltMUO. 
NOP:NLINKINB-II 
J=JS 
00 230 N=1.N0P 
N;LINKIN,NB-1I 
ISlCHKtMtNt-l) 
OU«1»«):MII,J.11 

WHEN BOUNDARY IS IRRE6ULAR, THERE IS SOME HASTED CALCULATION HERE IN 
ORDER TO AVLID LOGICAL DECISIONS OR EXTRA STORAGE «NGES COULD BE 
REPLACED B» NLINMN8)) 

NGES-NFWINB-ll 
DO 2«0 N:i,NOP 
OUt*2«MI = 0. 
DO 238 M-I.NGES 
DUM2INUDUM2INt«0UHllNI*RINVl«LB*(N-lt«NGES*Ht 
M:LINK(N(NB-1) 
H«ICHKIM,NB-ll,JCHKIN,NB-lt|:0UM2INI 
DO   3ro   J-JS.JF 
lLrILFT«J»7)-l 
IRriRGT«J«?|-l 
DO   300   I:iL.!R 
0U«l«H--»FCUSM«l.J»21*IAXtl,J)*HII,J«ll«»Y(I,JI«MtI.l,J|. 

A   BBIIiJ)*HII*l,J*lt*CXII,j)«H|T«?,J<lll 
HIIOlJ.?)=DUMllII*tl.-RECUR«I«l.J«2M*H(I«l.J»2l 
XII«laJ*2i:XII*l,J«2)*0U>UIII 
FND 

r 

! 

1 m 
- 

. 
• 

• 

1 1 

- 

1 
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r 1. 01 
2. 00 
I. 00 
0. 00 
5. 00 
6. 00 
7. 00 
a. 00 2 
•* 00 
10. CO 
u. 00 
12. 00 0 
13. 00 
1«. 00 10 
IS. 00 
16. 00 
17. 00 
It. 00 
19. 00 
20. 00 
21. 00 
22. 00 
23. 00 IS 
20. 00 
25. 00 
26. 00 
27. 00 
78. 00 
29. CO 
30. 00 
31. 00 
32. 00 
33. 00 
30. 00 
35. 00 
36. 00 
37. 00 
38. 00 
39. 00 
00. 00 
01. 01 
02. 00 
03. 00 
00. 00 
OS. 00 
06. 00 
07. 00 20 
08. 00 
09. 00 
SO. 00 
SI. 00 00 
52. 00 
S3. 00 
So. 00 
SS. 00 
56. 00 
57. 00 

58. 00 
59. 00 
60. 00 
61. 00 • 0 
62. 00 
63. 00 
to. 00 
65. 00 
66. 00 
67. 00 too 
68. 00 C  1 
69. 00 C  0 
70. 00 C  8 
71. 00 
72. 00 
73. 00 ISO 
70. 00 
75. 00 
76. 00 
77. 00 
78. 00 
79. or? i to 
80. 00 2C2 
81. 00 
82. 00 
83. 00 

•    - ' 

VERSION  3 
(continued) 

SUBROUTINE   TOPOLtRECUR,ILFT,IR6T,I6ES,J6ES,ICHK,JCHK,NCV.LINK, 
1NLTNK,NTYPC,TE,H,N,N1,N1,H2,NBLK,NBLK1,HXGS,L1,L2,L01,LD2I ' 
DIMENSION     RECUR««. Nl, KFT «NI , IRGT tN» | I6E 5 tHXGS. NBIK I , 

*    JGES<HXG5.NBLK>.ICMK(«KGS.NBL« 1,JCMK(NXGS,NBLKI.NEV INBLKt, 
BLINMM7,NBLKl),NLINK(NBLKll,NTYPE|M,NI,IEINBLKt,LllNBLKI,L?INBLKl) 

DO   10  J=2,N1 
1=0 
1 = 1*1 
If   (NTYPE(I|JI*NTYPEII,J-1I.E0.0.«ND.I.LT.M1I   GO   TO   2 
ILFTIJISI 
I=N 
1 = 1-1 
IF   (NTVPC(I,J>*NTYP£fI,J-l>.EQ.0.«N0.1.GT.l»   GO   TO  0 
IR6T(JI=I 
IRGTC1I=2 
ILF1UU2 
ILFTIN»=2 
IMTIMIS2 
DO   15   J=2,N1 
If   tILFTIJt.LE.IRGTIJM   60   TO   15 
IRGTIJI-? 
ILFT«JI=2 
CONTINUE 
JMINS2 
MXLNK=0 
Lltltsg 
L2UIS0 
00   100   NB-l.NBLK 
NBCS=O 
HCNKSO 
jntxsteiNti 
DO 00 1=2,Nl 
NH:NTYPEtl,JHIN-l> 
NU=NTYP£I1,JMINI 
00 00 J:JMIN,JM»X 
NLiNM 
MHSHU 
RECuRtI,JI=NM 
IF INL.EO.O» RECURII,J1=0. 
NU=NTVPEII,J*1I 
IF «NH.EO.O» 60 TO 00 
IF (NL.EO.J.dND.J.NE.jMINl GO TO 20 
NGES=NGES*1 
IF «NGES.GT.HX6SI 60 TO 200 
I6ESINGES,NBl:I 
JGES<NGES,NBl:J 
IF INU.EO.l.»NO.J.NE.jdAXl 60 TO 00 
NCHK:NCHK*1 

ICHK(NCHK,NBI=I 
JCHKINCHK,NBI=J 

CONTINUE 
NEV!NBI=N6ES 
IF (NB.EO.NBLKI 60 TO 100 
NLNK=0 
00 80 K:1,NGES 
I:ICHK«KtN8> 
J:JCHKIK,NBI 
IF INTTffiI.J.]).CO.Ol GO TO 80 
NINKrNINK*! 
LINK(NLNK,NBI=N 
CONTINUE 
NLINK (NBUNLNK 
HXLNK2«»X0*MXLNK,NLNK*NGCS> 
11(NB*1»:L1INBI«NGES**2 

IF INB.NC.NBLIIll L2tNB.l»U2INBI«NGESoNLNK 
LRINV1:L2INBI.NGES*NLNK 
JHTN:JH»X«1 

IF NJLNK.6T.NGES0N6ES, THERE IS SOME li»STEO STO»*G£ TM*T IS VERY 
DIFFICULT TO PROG»»" »ROUNO, BECAUSE OF THE OU»L »OLE OF THE L»ST 
BLOCK OF PIN». NHICH IS USED »S » SCRKTCH »RE« FOR »INVl 0»T». 

LRINVU1INBLK><HllO<MXLNK,NGCS**?t 
NRITE<6,1S0I LP1NV.LRINV1 
FOPH»HSSH OIHENSIONS »EOUIRED FOR RIN» »NO RINVl »RE LD1. L02 : , 
»IS,2X,I5.1M./120H IF EITHER INPUT ¥»LUE L01 OR L02 IS TOO SM*LL, 1 
BHE COMPUTATION IS MILTED HERE, »NO THE USER MUST 1NCRC«SE 101 »NO/ 
COR LC2 T0/72H THE INDICATED VtLUES.I 
If IIL01.LT.LRIN»».0».ILD2.LT.LRIN»1H STOP 
RETURN 
MRITFI6,70?I   
F0«>K»TI9?M 0IMEN510N P«R«METER NXGS IS TOO SM»LL FOR SPECIFIED TOP 
»OGR»PHY »NO SuBREGION SPEC IfIC»TION.» 
STOP 
CNO 
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VERSION  3 
(continued) 

5 

1. 00 SUBROUTINE   H«TINVIB,N,HI 
2. 00 DIMENSION   BIN.1 »,6111001,B2M00I 
3. 00 «l=«-l 
«. 00 DO   110   1=1,Ml 
5. 00 BimH./BII.II 
4. 00 611,11 = 1.0 
7. 00 00   112  J = 1,H 
8. 00 112 BII,JI=BII.JI*61I1) 
9. 00 IP1=I»1 

10. 00 DO   120   I1=IP1,M 
11. 00 120 B1IUI=B(11,II 
12. 00 DO   12S   IlrlPl.M 
13. 00 12S BUI.11 = 0. 
U. 00 DO   127   J=1.H 
IS. 00 127 B2IJI=BII,JI 
16. 00 00   13S   I1-IP1.M 
17. 00 00   13S  J = l,H 
IS. 00 135 BII1,J) = B(I1,J>-BK11>*B2<JI 
19. 00 110 CONTINUE 
20. 00 81(11=1./BIN,HI 
21. 00 BIM,M|=1. 
22. CO DO   1*0   J=1,H 
23. 00 1*0 B(*.J|:BI«,JI«B1(11 
2«. 00 DO   ISO   1=2,H 
75. 00 DO   1SS   12=1,1 
2b. 00 155 B1II2*=B(I2,I) 
27. 00 IM1=I-1 
2a. 00 DO   ISfc   12=1,TNI 
29. CO 156 BII2,II=0. 
30. 00 DO   1S7   J=1,N 
31. 00 157 B2IJ>=BII,JI 
32. 00 IMUI-1 
33. 00 DO   160   12=1,INI 
3«. 00 DO   160  J=1,N 
3S. 00 1(0 B<I2,JI=B<I2,J>-B1«I2I»B2IJI 
36. 00 150 CONTINUE 
37. CO END 

I" 

r 

9 
; .1 

'i 
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VERSION 4 

M 16. C   EBUATION   TO   BE   SOLVED   IS 

r 

m 

1. 00 
2. 00 
1. 00 
4. 00 
s. 00 
4. 00 
7. 00 
t. 00 
t. 00 c 

10. 00 c 
11. 00 c 
12. 00 c 
13. 00 c 
1«. 00 c 
IS. 00 c 
It. 00 c 
17. 00 c 
1». 00 c 
1*. 00 c 
20. 00 c 
21. 00 c 
22. 00 c 
23. 00 c 
2«. CO 
25. 00 
24. CO 
27. 00 
2«. 00 
2«. 00 
SB. 00 
31. 00 
3:. 00 
33. 00 
3«. 00 
35. 01 
34. 00 
37. 00 
3t. 00 1 
3t. 02 
40. 00 
41. 00 
42. 00 
43. 00 
44. 00 
45. 00 
4t. 00 
47. 00 
41. CO 
4t. 00 
SO. 00 
Sl. 00 
52. 00 
S3. 00 
34. 00 
55. 00 
St. 00 
57. 00 

PROGRAM HAINIINPUT.OUTPUT,TAPE5=INPUT,TAPEt=0UTPUT• 
C0MMDN/SEvP/«XIT,9l,AYt7,9>,«et7,9l,CXI7,9l,Ot7,91,FI7,9>, 

4 RINVlSBB),RlNVll39tl,DUM0(14,2l,DUMlll4», 
B OU.M?! ]*>,X 19,11 >.H19,U > ,ERR(9, 11 I,*XC9,11I,1LFT«H>, 
C IPGT«ll>.TGESI14l3i,jGCS(14,3t(ICHK(14l3I.JCHKiI4,3I.NEVI3l. 
0 LlNKtT,2),NLINK<2),NTYPEl9,lll,IEt3>,Lll3l,L2l2l 
DAT* N,N,HXGS,NBLK,L01,LD2/9,11,14,3,58t,308/ 
DAT* IE/4,7,|C/ 

DIETRICHES NODIFIEO HADALA SOLVER, VERSION 4. 
THIS VERSION TS IDENTICAL TO VERSION 3, EXCEPT 
NO ISLANDS ARE ALLOWED AND IRREGULAR BOUNDARIES MUST BE SUCH THAT ALL 
N0N7ER0 NTYPE VALUES IN A 6IVEN ROM MUST BE CONTIGUOUS, THEREBY 
REQUIRING THAT THE RIGHT AND LEFT BOUNDARY CURVES BE SINGLE VALUED 
FUNCTIONS OF V.  THIS ELIMINATES THE NEEO FOR ARRAY RECUR AND 
ASSOCIATED COMPUTATIONS. 

NTVPE(I«1,J«1> * «AXtl.JI • XU.J'll * CXtl.JI • XII*?,J«1> 
* AYII,J) • XUM.J) * XII«l,J*2tl 
• «2 - NTVPE(I«1,J«1M • 66(1,Jt 4 I|I«l,J«lt 

= 2 4 II - NTYPfIT.I.J.lII • BBCI,JI 4 X<I«1,J*11 
« NTVPE«I«1,J.1) 4 FII.JI, 111=0,1 M-il, IJ:0,1,...,N-1M 

WHERE TERMS OUTSIDE DIMENSION BOUNDS ARE INTERPRETED AS ZERO'S. 
THUS, IF NTYPf M.JirO, XII, Jl 15 LEFT UNCHANGEO. 

HI=H-I 
NI=N-I 
M2=M-2 
N2=N-2 
NBLKI=NBLK-1 
DO 10 J=1,N 
00 10 1=1,N 

IC   NTYPEII,JI=Q. 
DO 90 J=2,N1 
DO 90 1=2,Ml 

9C   NTYPEII,J>=1 
NTYPEI2,3l,NTYPEI2,4l,NTYPEI3,4),NTvPEI2,5l,NTYPEl3,5l,NTYPEI2,tl 

« =g 
WRITE It,92>   IINTYPCIl,J»,I=l,H»,J=l,N» 

9?       FORMATIlOl.tlll 
CALL   TOPOLULFT,IRGT,IGES,JGES,lCMK,JCMK,NEV,LtNK,NLlNK, 

A   NTYPE,IE,M,N,H1,N1,M2,NBLK,NBLI(1,MX6S,L1,L2,LD1,LD2I 
00   100  J=1,N2 
DO   100   1=1,M? 
AXII,JI=1.».014|I-4|4«2 
CXII,JI=1.-.01*II-4|442 
AYI1,JI=1.*.014IJ-5I*42 
BBII,JI=I-AXll,JI*AYII,JI-CXII,JI«.01*(J-5l**2-l.Il/<l.-.01*«J-5l 
A442I 

100 CONTINUE 
0EN0-:l.25*M«NI*«2 
DO 170 J=1,N 
00 170 1=1,H 
XII,JI=II-l.l4II-MI4lj-l.|4|J-N)/DtN0N 
XXII,JI = XII,JI*ll.-NTYPEII,JM 

170 CONTINUE 
F5UM=0. 
00 171 J=2,N1 
l=J-l 

34 
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VERSION 4 
(continued) 

i- 

c 
M. 00 
59. 00 
»0. 00 
»1. xo 
U. 00 
»). 00 
t*. 00 
65. 07 
»6. 00 
tT. 00 
«8. CO 
«9. 00 
TO. 00 
71. on 
72. 00 
TJ. 00 
7«. 02 
75. 00 
76. 00 
77. 00 
T». 00 
7». 00 
•0. 00 
•1. 00 
12. 00 
• 1. 00 
8». 00 
ss. 00 
•ft. 00 
»7. 00 
88. 00 
1«. 00 
«3. 00 
«1. 00 
»r. 00 
*j. 03 
•». 00 
•s. 00 
•*. 00 
• 7. 03 
U. 00 
99. 00 

100. 00 
101. 00 
102. 00 
103. 00 
10». 03 
105. 00 
10k. 00 
107. 03 
10t. 00 
109. 00 
110. 00 

*- 

DO   171   l-2,m\ 
«=l-l 
rm,Li:*XtKtLI*XlI.Jl**YIK.LI*(«I,LI*C(IKfLI*XII«l,JI« 

* »I I ,J«1 I'fBOc ,L l*Xll, J) 
171      rsun:fSuMUBSlfl«,LII 

FSUH:*2«N2/FSUH 
70-SFCONOlTlM» 
C»LL J»YI»x,«Y,BB,CX,RlNV,PINVl,MfUFI,IPGTtIGFS.JGCS, 

»ICMli,JCMK,NtV,LINIl,NLINK,NTYPE,lF,",N,N2,N2,NBlK,NBL>(l,MXGS,Ll,L7l 
TI»SUH:0. 

00 181 .1X2,Nl 
DO 181 1=2,Ml 
0II-1,J-1»=FI1-1.J-1» 

181  XII,J):0. 
tlfNCsB. 
TOrSECONOlTIM» 
CALL N0R(»X,»Y,BB,CX.RINV,R1NV1,PU*0,0UM1,DU«2,0,H,XX, 

* ILFTtIRGT,IGCS,JGFS.ICNKtJCHK,)«FV,LlNKlNLlNK,le,H,N,N2.N2,NBLK| 
B   NBL*l,MXGS,ll,L2l 

DO   990  J=2,Nl 
00   990   182,81] 

990 XII,JI=ItI,Jt«XXII,JI 
00  991   J = 1,N 
00  991   ISl,H 

991 XXII,Jl=0. 
00   992   J-2.N1 
L=J-1 
DO   992   1=2,Ml 
K = l-I 

9 92      OIX,L>=FtK,LI-*YIK,L>»XII,J-I>-AXIK,LI*XtIMtJ>-BBIK,LI*XtI,JI- 
* CXIK.Ll»X(I.l,J)-X17,J.lI 

1C00    CONTINUE 
9C5  FOPMATIIX.IPISES.II 

FRSuMiO. 
DO 7*0 1=2,HI 
« = !-! 
00 7«0 J=2,M1 
L=J-1 
ERPII,JI=FIK,L>-AYIK,LI*X«I,J-]|-AX|K,L>*XlI-l,JI-BBIN,LI* 

* XIItJI-CX«K,LI*XII*l,JI-XII,J*l> 
ERPtI,Ji:£PRII.Jl»NTYPClI,JI 
ERSU*=ERSU»»ABSIERP|I,JII 

7*0  ERRl I , Jl=£BRU .Jl.FSu« 
tR5Uf=ERSU'<»FSUh/l«2«N2l 
WRITFI6.9Q»! 

9C«t  F0RMATt/90X,?GHN0RN.ALl7£0 RESIDUALSI 
DO 792 1=2.Ml 
HRUEI6,90S)IERR(I,JI,J:2,N1I 

1*2  CONTINUE 
WRITE(6,906I ERSUM 

9f6  F0RHATI/J7M HEIN ABSOLUTE N0PNALI2E0 RESIDUAL t   ,1*>E9.2I 
IF tFRSuN.GT.l.E-O STOP 
END 

r 
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VERSION 4 
(continued) 

X. 01 SUBROUTINE J»YIA»,»T,B8 ,CX ,RI NY ,P I** 1 ,M , I|_F T , 
2. 00 lIRGT,IGES,JGES,ICHK,JCHK,NEV,LINK,NLlNI<tNTVPE,IE,H0,N0,H2,N2,                           I 
3. 00 * NPLK.NBIK1,»XGS,L1,12> 
4. 00 DIMENSION AX(M?,N2>.AY(H2IN2>IB6(M?,N2I(CXIH2tN2)t                                             i 
5. 00 * RINVI1>,RINV1I1»,H1M0.N0», 
6. 00 B ILFTlNOitlRGTtNOI.Ll«NBLKI,L2INBLK11,IGES»NXGS,NBLKI, 
7. 00 C   JGESIMXGS.NBLKI.ICHMHXGS.NBLXIiJCHMMxGStNBLKl.NCVfNBLKI. 
8. 00 0   LINKIH2.NBLK1I ."LINK IHBLK1 ) ,NTYPl inO.NO) .If.ll.BLK t 
9. 00 JJ.^1 

10. 00 LDUhNBUI                                                                                                                                                                                                                         "•  I 
11. 00 NB=0 
12. 00 ICO     NB=NB»1 
13. 00 NGESrNEVtNBI 
1«. 00 NGESUNEIMNB-I» 
IS. 00 LA=LllNBI 
lb. 00 LB=L?<NB-1> 
IT. 00 LC=L?INBI 
IS. 00 JHrlElNB) 
1«. 00 JHP^JM.j                                                                              „ 1 
20. 00 JHH=JH-2 
21. 00 00 2S0 NG=1,N6ES 
22. 00 I6:IGES«NG,NB I 
23. 00 JG=JGES1NG,NBI 
2«. 00 JF=J6-1 
25. 00 DO 210 J-Jt.JMP 
26. 00 DO 210 l-i.no 
27. 00 210  HII.JUD. 
28. 00 M|IG,JG1-1. 
29. 00 IF IJF.GT.JHHI GO TO 22S 
30. 00 IF INTYPElIG.JFI.EO.Oi 60 TO 220 
31. 00 N0P:NLINK<NB-1> 
32. 00 DO 211 N-l.NOP 
33. 00 H = LINMN,NB-1I 
3«. 00 IF   IICHKIH.NB-II.EO.IG.ANO.JCHRIM.NB-II.EO.JFI   GO   TO  2IS 
3S. CO 21«     CONTINUE 
3». 00 215     DO  21B   N:i.NOP 
37. 00 L:L1NMN,NB-1> 
3(. 00 218      HIICHML.NB-1>,JFI=RINVULB»IN-1I»NGES1»"»                                                                                                                               '• 
39. 00 220     DO  22S   J:JF,JNM 
«0. 00 IL=ILFT»J«2I-1 
«1. 00 IR = IR6TIJ*7fl 
«2. 00 222     DO  22S   I-IL.IR 
«3. 00 22S     HiI.l,j.2>r-i»xiI,J)«HlI,J«ll«»Y(I.J»»HiI.i,j). 
•1. 00 *   BBII,JI»HII«1,J»1).CXIIIJI*HII»2.J*1)I 
*S. 00 228     00  230   NC=1,NGES 
«6. 00 I=ICHMNC,NBI-1 
«7. 00 J:JCHK1NC,NB)-1 
• 8. 00 2 !Q       RINV«LA<(NC-l>*NG£S«NG>:AX«It<J>*H<l , J • 1 1'AYI T, J > • H ( I • 1 , J > • B B I I . J > • 
«9. CO A   HII«1,J«1)*CX«I,JI*HII«2,J«1I 
50. 00 IF   (NB.EO.NBLKt   60   TO   250 
51. 00 N0P:NLINKINBI 
52. 00 JMEIMBI 

53. 00 DO   2*0  N=1,N0P 
59. 00 MzLINMN.NRI 
55. 00 2«0     RINV(L0«IN-1>*NGES«N6):HIICHMM,NBI|J» 
56. CO 250  HiIG.jGlro. 
57. 00 CALL MtTINVtRINVILA«ll,NGES,NGCSI 
58. CO IF (NB.E0.N6LK) RETURN 
59. 00 DO 260 I=1,NGES 
60. 00 00 260 J-l.KOP 
61. 00 RINvltLC«<J-l)*NGES*I>:0. 
62. 00 DO 260 Kil.NGES 
63. 00 260  RINVltLC«<J-l>*NG£S«I>:RINVltLC«IJ-l)*NGES»I>- 
*••>' 00 A RINVILA«(K-!I*NG£S«I I9RINVIL0« (J-l »«NGES«K» 
65. 00 C  RINVIII.J.NRI IS THE "ALMOST HOMOGENEOUS" SOLUTION AT THE J-TM OPEN 
•6. 00 C  RESIDUAL POSITION FORCED BY A RESIDUAL VALUE OF 1 AT THE I-TH 
67. 00 C  RESIDUAL POSITION.  HOMOGENEOUS B.C.'S ARE ASSUMED EVERYwHEREt 
68. CO C  INCLUDING THE TOP OF THE PRESENT SUBREGION NB. 
69. CO JL=JH 
TO. 00 60 TO 100 
71. CO ENO 

- ) 
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VERSION 4 

(continued) 

3J 

x: 

- 

1. 01 
2. 00 
3. 00 
*. 00 
S. OP 
t. 00 
7. 00 
•• 00 
*. 00 
to. 00 
11. 00 
12. 00 
13. 00 
1*. 00 
IS. 00 
U. 00 
17. 00 
It. 00 1CS 
1«. 00 
20. 00 
21. 00 
22. 00 
23. 00 
2*. CO 
23. 00 115 
2k. 00 
27. 00 
2». 00 
29. 00 
30. 00 
31. 00 
32. 00 11» 
33. CO 
3«. 00 
3S. 00 
3«. 00 120 
37. 00 ISO 
St. 00 
39. 00 
• 0. 00 
• 1. 00 
«2. or 
«3. 00 
M. 00 
*S. 00 
t*. 00 
• 7. 00 
«1. CO 
«9. 00 
SO. 00 
SI. 00 
it« 00 2 CO 
S3. 00 2C1 
s«. 00 
ss. 00 

SUBROUTINE! N0RC*X,«Y,BB,CX.RINV,RINvl,DuM0,DUMl,DU«2,F,M,x, 
11LM,1R6T,I&ES,J6ES,ICMK,JCHII,NEV,1.1N*,NV.INK,1E,MO,NO,«2, 
« N?,NBLK,NBLKl,MX6S,ll,L2t 
DIMENSION »XIM2.N21,>VIM?,N2>,BBIH?,NZi,CXIH2,N2I| 

* RINVIll,RINVllll.HIMO.NOI, 
t ILFT«N0l|IR6TIN0l,LllNBLMI,t2INBLKll,IGCSIHXGS,NBLKIt 
C JGCS«MXGS,NBLKl,lCMK(MXGS,NBl.ill,JCMmM«GS,NBL«l,NtVINBL«l, 
0 LINK|M2,NBL«l>.NI.lN)IINBLKl)(ir(NBLK> 
DIMENSION Du«CiIH?,NBLK] ).DUHllMxGS)lOUM2IMIGSI,FIM2,N2t,XIHO,N0t 
jsn 
DO   ISO  NBM.NBLK 
LC=L2(Ntl 
JF:IE<NB)-2 
DO  10S  J:JS.JF 
U = IIFT»J«2I-1 
IR=IRGTIJ.?)-1 
DO   IDS   I-1L.IR 
XII«l,J«2):FII.JI-*XII.J>*X(I>J«ll-AY«ItJ>*x(I*l.JI-BBM.JI* 

* XI1-1.J-1l-CxiI,j)»x( I»?, J.l ) 
IF   tNB.EO.NBLKI   60   TO   ISO 
NGES=NEVtNB» 
DO   US  N^l.NGES 
I:ICHKIN,NBl-l 
J=JCHK«N,NM-1 
DuMllN»rriI,J»-*XII,J)*XlI,J»l)-«T(I,J»»X|I.ltJ)-BBII,JI» 

* XII«l,J«l»-CXIl,J»»XII«2,J«l»-X«I«l.J»2» 
N0P=NLlNMNBI 
JSICIMI 
DO   120   N = 1,N0*> 
DUH2tNI=0. 
00   11»  M=1.N6ES 
0UM2IN)=DUM2(N).DUMllHI*RINVllLC'>IN>lt*NGES*M| 
MSI IN* IN »Ml 
IzICHKIH.NBI 
DU«OIN.NP):x(l,J» 
XII,JI-IU,JI-DUM2(N| 
•tSsiClWI 
00   300  Nei-l.tiBLK 
NB=NBLK-NB1«1 
JS=1 
IF INB.NE.l) JSrlEINB-l» 
JF:IElNBI-2 
L«=LllNBI 
LBrL?INB-l» 
mCSSNEVIMI 
IF   (NB.EO.NBIK»   60   TO   201 
JStCCMl 
NOPlNLlNKINBI 
DO   200   N-l.NOP 
M:LINKIN,NPI 

IZlCHHIH.NBt 
XII, JirOUMPIN.NBI 
CONTINUE 
MICtMl 
00   2n2   j:jS,N 
DO   2P2   I-l.MO 

P 
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X 

X 

VERSION 4 
(continued) 

S7. 00 202     MII.JtTO. 
5.. 00 00  210   Kri.NSES 
S9. 00 I = ICHMN,NB»-1 
«0. 00 J:JCHK(N,NR»-1 
M. 00 210      DUKUNI:FII,J>-AX(I,JI»XII,J»l>-AYII,JI»XII.lf JI-BBII.JI« 
62. 00 «   XIIM,J»l>-CXII,Jt»XII«2,J«ll-Xll«l,J«2> 
»3. 00 00  2?Q  N:1,N6CS 
t«. 00 DUH2(N*=0. 
hi. 00 00  21«   H=1.N6ES 
hb. 00 21t     DUH2IN>:0UM2tN>«0UMl(H)*RINVfLA<MN-l»*NGES«H> 
«7. 00 I-IGCS(N,NBI 
68. 00 J=JGESIN,NBI 
6«. 00 Htt.J):0UH?IN) 
70. 00 220     XIIlJI=XtI.Jt«DUM2INI 
71. 00 IF   INB.EO.ll   60   TO   2S0 
72. 00 00   222   N=1.HX6S 
73. 00 222     PUMIINCO. 
7«. 00 N0P:NLINK<NB-1» 
7S. 00 JSJS 
7*. 00 00 230 N=1,M0P 
77. 00 N=LINK(N,NB-1I 
7». 00 I:ICHKin,NB-l> 
79. 00 2*0  DUMltM»=HII,J»ll 
BO. 00 C  WHEN BOUNDARY IS IRREGULAR, THERE IS SOME HASTED CALCULATION HERE IN 
•I. 00 C  ORDER TO AVLID LOGICAL DECISIONS OR EXTRA STORAGE IN6ES COULD BE 
82. 00 C  REPLACED BY NLINKINBII 
83. 00 NGFS=NC>INB-1I 
8«. 00 DO 240 N-l.NOP 
85. 00 DUH2INI=0. 
8*. 00 00 238 n:l,N6ES 
87. 00 238     DUX2(NI:DU>>2INI«DUH1(HI*RINV1IL6*IN-1I«NGES«HI 
88. 00 »iLINKIN.NB-l! 
89. 00 200      HtICHKtH,NB-ll,JCHMM,NB-l)l=0UM2(NI 
90. 00 2S0     DO   300   J=JS,JF 
91. 00 IL=1LFT(J«?»-1 
92. 00 IRrlRGTIJ.?)-! 
93. 00 00   300   IrlL.IR 
9». 00 H«I»1,J«2ir-(AXI1,JI«H(I,j.ii.iriI,J)«HII*I,J). 
95. 00 A   BBII.JI.HIIM,J*1i.cxiI,J>*HfI«2,J«l)) 
9*. 00 3C0     XI1*1,J.?I;»Ii.i,J.2I.HII.1,j«?l 
97. 00 END 

;• 

r« 
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VERSION 4 

(continued) 

V, 

X 

a 

N 

1. 01 
2. 00 
S. 00 
4. 00 
5. 00 
ft. 00 
7. 00 
«. 00 
t. 00 
10. 00 
II. 00 
12. 00 
13. 00 
1«. 00 
IS. 00 
1ft. 00 
17. 00 
1«. 00 
19. 00 
20. 00 
21. 00 
22. 00 
23. 00 
2«. 00 
25. 00 
26. 00 
27. 00 
21. 00 
29. 00 
30. 00 
31. 00 
32. 00 
33. 00 
3«. 00 
35. 00 
3ft. 00 
37. 00 
3«. 00 
39. 03 
«0. 00 
«1. 00 
«2. 00 
«3. 00 
44. 00 
«5. 00 
«ft. 00 
• 7. 00 
*•• 00 
«9. 00 
SO. 00 

8: 00 
00 

S3. 00 
5«. 00 
SS. 00 
56. 00 
57. 00 
St. 00 
S9. 00 
ftO. 00 
61. 00 
62. 00 
63. 00 
6«. 00 
65. 00 
66. 00 
67. CO 
61. 00 
69. 00 
70. 00 
71. 00 
72. 00 
73. 00 
7«. 00 
75. 00 
76. 00 
77. 09 
76. 00 
79. 00 
•0. 00 
• 1. 00 

1C 

15 

2C 

4C 

It 

ICO 

150 

2 CO 
2 f2 

SUBROUTINE TOPOl lun,TRGT,I6CS,J6rS,lCHK,JCM«,Kf v.LlN«, 
1NL1NKINTVPE,IE,H,N,H1,M1,H2,NBLK,NBLK1,HXGS,L1,L2,LD1,LD2I 

DIMENSION   TLFItNl, IRGTIN I.IGESIMXGS,NBLK>, 
*   JGES«MXGS,N8LK),ICHKIHXGS,NBLK),JCHK<HXGS,NBLKI,NEVINBLKI, 
BLINMIM2,NBLKll,NLINKtNBLKl>,NTYPEIMtN>,IEINBLK>,Ll<NBLK>,L2INBLKl> 

00 10  J=2,N1 
1=0 
I=I«1 
IF   •NTVPEII,JI*NTvPEII,J-ll.£O.O.AND.I.LT.Hl>   GO   TO   2 
iLFMJiSl 
I=N 
1 = 1-1 
IF INTVPEII.JMNTvPEtl.J-lI.EQ.O.AND.I.GT.l) GO TO 9 
IRGTUCI 
IR6TOU2 
ILFT«1»=2 
lLFT«Nt=2 
IR6TIN>=2 
DO   15  J=2,N1 
IF   <IlFTIJ».l£.IR6T(Jtl   60   TO   IS 
IRGTIJU2 
UFTIJ» = 2 
CONTINUE 
JMIN-2 
MXLNK=0 
LU1»=0 
12111=0 
00   100  NB=1,NBLK 
NGES=0 
NCHK=0 
JHAx=IEINB> 
00  90   1=2.Ml 
NM=NTYPEII,JNIN-1I 
Nu=NTYPEII,JMINI 
00   40   J=JMIN,JNAX 
NL = NM 
NM=NU 
NU=NTYPEII.J»1I 
IF   INM.E0.3I   GO   TO   90 
IF   INL.EQ.l.AND.J.NE.JMINt   GO   TO   20 
N6ES=N6ES«1 
IF   INGES.GT.MXGSI   60   TO   200 
IGES(NGES,NBI=I 
JGEStNGES,NBI=J 
IF   (NU.EQ.l.AND.J.NE.JMAXt   60   TO   40 
NCHK=NCHK4l 
ICMKINCHK,NB1=1 
JCHK(NCHK,NBl:J 
CONTINUE 
NEVINBI=NGES 
IF   INB.EO.NBLKI   GO   TO   100 
NLNK=0 
DO   60  K=1,NGES 
I=ICHK(K,NBI 
J=JCHMK.NBI 
IF   <NTVP£|I,J«1).E0.0I   GO   TO  «0 
NLNK=NLNK«1 
LINMNLNK,NBI=K 
CONTINUE 
NLINMNBI=NLNK 
MXLNK=MA(0(HXLNK,NLNK«N6ESI 
L1<NB«1>=L1INB>«NGES**2 
IF   INB.NE.NBLKÜ   L2tNB»l»=L2«NBI«NGES4NLNK 
IRINV1=L2INBI<NGCS*NLNK 
JHIN=JMAX*I 

IF   MXLNK.GT.NGES*NGES,   THERE   IS   SOME   WA5TE0  STORAGE   THAT   IS   VERY 
DIFFICULT   TO   PROGRAM   AROuNO,   BECAUSE   OF   THE   DUAL   ROLE   OF   THE   LAST 
BLOCK   OF   RINV,   WHICH   IS  USED   AS   A   SCRATCH   AREA   FOR  RINV1   DATA. 

LRINV=LltNBLK|.NAX?|MXLNK,NGCS**2l 
WHITT16,1ST)    LRINV.LRINVl 
F0RMATIS5H  DIMENSIONS   REOUIRED   FOR   RINV   AND   RINV1   ARE   LD1,   L02   =   , 

AIS,2X,I5,1M./124H   IF   EITHEP   INPUT   VALUE   LD1   OR   LD2   IS   TOO   SMALL,   T 
BHE   COMPUTATION   IS   HALTEO  HERE,   AND   THE   USER   MUST   INCREASE   LD1   AND/ 
COR   LD2   T0/72H   THE   INDICATED  VALUES.» 

IF   IIL01.LT.LRINVI.0R.IL02.LT.LRINV1)»   STOP 
RETURN 
MtltClttMfl 
F0RMATI97H DIMENSION PARAMETER MXGS IS 100 SHALL FOR SPECIFIED TOP 
AOGRAPHY «NO SUBREGION SPECIFICATION.! 
STOP 
CNO 

39 



VERSION 4 
(continued) 

S 

* 

1. 00 SUBROUTINE H«TINV(B,N,"> 
2. 00 DIMENSION BIN.1I.B1I100I,8711001 
I. 00 Nl=H-l 
«. 00 DO 110 1=1.HI 
S. 00 filll)-l./BII.I> 
6. 00 BII,I»=1.0 
7. 00 00 112 J=1.N 
t. 00 112 ni,Ji:eii,jirtiiii 
9. 00 IP1=I*1 

10. 00 00 170 I1=IP1,N 
11. 00 i;o BllIlt-B<ll,I> 
12. 00 00 125 IUIP1.H 
13. 00 125 Bill.11=0. 
1«. 00 DO 127 J=1.N 
15. 00 127 B2IJ>=BfI,J> 
16. 00 DO 135 I1=IP1,M 
IT. 00 00 135 J=1,M 
IB. 00 US Blll,J):Bin,JI-BllIll»B2IJI 
19. 00 110 CONTINUE 
20. 00 Blll*=l./B(NfH> 
21. 00 B(H,N)=1. 
22. 00 DO 1*0 J-l.N 
23. 00 1*0 BIN,J«=BIH,J>*Blf1» 
2«. 00 DO ISO I=2,H 
». 00 DO ISS 12=1,1 
26. 00 155 B1II2I=BII2,II 
27. 00 IH1=I-1 
2S. 00 DO 1S6 12=1,INI 
29. 00 l!6 BII2,II=C. 
30. 00 00 1S7 J-l.H 
31. 00 1S7 B2UI=B(I,JI 
32. 00 IN1=I-1 
33. 00 DO 160 12=1,INI 
3«. 00 DO 160 J=1,H 
SS. 00 1(0 BII2,J)=BII2,JI-BllI7l*B2«JI 
3*. 00 1!0 CONTINUE 
37. 00 END r 

40 
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VERSION 5 

l. 
2. 
I. 
•« 
S. 
6. 
7. 
6. 
9. 

10. 
11. 
12. 
13. 
lt. 
IS. 
16. 
17. 
1«. 
1«. 
2a. 
21. 
22. 
21. 
2«. 
2S. 
26. 
27. 
2«. 
29. 
SO. 
11. 
12. 
11. 
3t. 
IS. 
1«. 
17. 
16. 
1«. 
«0. 
«1. 
«2. 
«I. 
»t. 
«S. 
»6. 
»7. 
• «. 
• 9. 
S3. 
51. 
52. 
51. 
St. 
5S. 
S4. 
S7. 
SB. 
St. 
60. 
»1. 
62. 
61. 
6t. 
6S. 
66. 
67. 
6t. 
6«. 
70. 
71. 
72. 
71. 
7«. 
75. 
76. 
77. 
7t. 
79. 
to. 
tl. 
12. 
11. 
tt. 
ts. 
16. 
17. 
•t. 

02 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
02 
00 
00 
00 
00 
00 
00 
00 
02 
00 
00 
00 
CO 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

RROGR*" J*VNORIINPUT,0UTRuT,Y*R£S=lNRuT,T«RE6=0UTPUTI 
DIMENSION «»I7.*),«»I7.9I,§1I7,»I,C»I7,9I,0(7,»I,FI7,»>, 

« RINV|7,7IS|,RINV1I7,7I2IIDU«0I7>2>,Du*l(7>,DW2(71.(19,111, 
* MI9,111,ERR 19,111,IX(9,111,IE 111 
0*7* N,N,NtLK/9,ll,S/ 
D*T* IC/t,7,10/ 

DIETRICH'S X0P1MCD H*D*L* SOLVER, VERSION S. 
THIS VERSION IS 1DEN11CU 70 VERSION t, EXCEPT 
IRREGULtR 80UND*RIES »Rf N07 »HOMED.  17 IS «LSO E0UIVILEN7 70 
H*D«L«*S StSIC SOLVER, «LLONINt NON-SCP*R»BLE OPERATORS ON * 
NON-UNiroRN MESH WITH REGUL*R BOUNO*RUS. 
THE EQUMION TO BE SOLVCO IS 
»»II,Jl • »<1,J«1I * CXII.JI • XII»2,J«1I • BBII.JI • XII*1,J«1I • 
«VII,Jl • HI'l.JI • XII«1,J«2> = FII,J), 

111 = 1,H-2I,IJ = 1,N-2H 
«HERE XII,Jl, XIM.JI, XII,II, *N0 XII,Nl »BE LEFT UNCH*NGEO. 

*1=H-1 
N1=N-1 
»l2=H-2 
N2=N-2 
NBLK1=NBLK-1 
DO 100 J=1,N2 
00 100 1=1,M? 
*XI1,J|=1.«.01*II-«I**2 
CXII,jl=l.-.01*II-*l**2 
*TII,J>=1.«.01*IJ-SI*«2 
BBI],JI:l-«XII,J)-«VII,JI-CXII,J>*.0I*IJ-SI**2-l.ll/ 

* ll.-.01*IJ-SI**2l 
100 CONTINUE 

D£N0M=I.2S*H*NI**2 
DO 170 J=1.N 
00 170 1=1,« 
•tI,JI=<I-l.t*l!-MI*<J-l.l««J-N>/DCMOM 
XXII,J»:0. 
IF II.EO.l.OR.I.CQ.M.OR.J.ro.l.OR.J.EO.NI XXII,JI=XII,JI 

170 CONTINUE 
FSVHSQ. 
DO 171 J=2,N1 
l=J-l 
DO 171 I=2,H1 
R = I-1 
FtK,ll=«XIK,LI*XII,J>«*VIK,LI*XII,LI*CXIK,Lt*XlI«l,JI« 

* »II ,J«1 >«BBIK,LI*X|I,JI 
171     FSUM:FSUM,«BSIFIK,LII 

FSUM=N2»N2/FSUH 
T0=SECONDlTIHI 
CtlL J*YI*X,*Y,BB,CX,RINV,RINV1,H,IE,H,N,N2,N2,NBLK,NBLK1I 
TIPSUH=Q. 
DO 1»1 J=2,N1 
00 181 1=J,Ml 
0<I-1,J-1I=FII-1,J-1> 

111  XII,JI=0. 
»LINE=0. 
T0=SEC0N0ITIMI 
C*LL NORI*X,tT,BB,CX,RlNV,RINVl,DUM0,OUHl,DUM2,Q,H,XX,IE,N,N,n2, 

« N?,NBLK,NBLK1I 
DO 990 J=2.N1 
00 990 1=2,111 

990 XII,J|=XII,JI*XXII,JI 
DO 991 J=1,N 
00 991 1=1,M 

991 XXII,Jl=0. 
DO 992 J=2,N1 
l=J-l 
DO 992 1=2,Nl 
R=I-1 

992 QIK,l)=FU,Lt-*VIK,L>*Xll,J-lt-«XIK,L>*XII-l,J>-BBtK,LI*X|l,JI- 
» CXIR,LI*XII«1,JI-XII,J«1I 

IfOO CONTINUE 
9CS  FORH*TllX,IPlSEt.ll 

CttUDsS« 
DO 7*0 1=2,H| 
« = 1-1 
00 7*0 J=2,N1 
l=J-l 
ERRII.JirFIK.LI-'VIK.LIRXII.J-ll-OIK.LIRXII-l.JI-BBIK.L»» 

« XII,JI-C«IK,LI*XtI«l,JI-XII,J*ll 
CRSUM=CRSUM4*BSIERRIT,JII 

7«0  CRRII,J|:ERRI1,JI*FSUM 
FRSUM=fRSU'<*rsUM/|M2*N2l 
WRITEI6,90RI 

9rt  F0RM*TI/tu»,?0HN0RH*LI7C0 RESIOutLSI 
00 7*2 1=2,Ml 
WRnri6,903IIERRII,J*,J = 2,Nll 

7t2   CONTINUE 
VRIlt16,90*1   ERSUM 

9f6     F0RH1II/17H  ME*N   «BSOLUTE   NOlHlLWtD  RtSIOUtl   I   .1RE9.2I 
END 

Al 

I 
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VERSION 5 
(continued) 

r 
1. 01 SUBROUTINE JAV«AX,AVfBB,CX,RINV,RINVl,H,IE,H0,N0,H?,N2,NBLK, 
2. 00 INBLKll 
1. 00 DIMENSION AXIM?,N2l,AYIM2,N2»,BBIM2,N2»,CXIH2,N2»,RINVtH2,«2,NBLIi» 
«. 00 «>RINVllH?lN2,NBL)(lllM|H0tN0»f 1CIN8LMI 
5. 00 JL = 1 
6. 00 NB-Q 
7. 00 ICO  NB=NB«1 
•• 00 JH=IE(NB> 
9. 00 JHP=JH»1                                                                              «w • 

^4                                               10. 00 JHHrJH-2 
11. 00 JG-JL.l 
12. 00 00 2S0 N6=1,H2 
13. 00 IG=NG*1 
1«. 00 DO 210 J=JL.JHP 
IS. 00 DO 210 iri.no 
1». 00 210  MU,J»=0. 
17. 00 HU&,JG)-1. 
IB. 00 IF tNB.CO.ll 60 TO 220 
19. 00 DO 218 N:I,H2 
20. 00 218  HIN«l.JL)=RINVl«N6.NtNB-l> 
21. 00 220  DO 225 J=Jl,JHM 
22. 00 DO 22S 1=1.H? 
23. 00 225  HII«l,J«2i = -UXtI, JI*H11,J»lI•AY 11,J)»HI I«1, JI«BB<I.J)*H<1*1•J*l>» 
2«. 00 * CXII,J)*HtI«2,J*l>> 
25. 00 J;JH-i 
2k. 00 DO 230 1=1.H2 
27. 00 230  RINVING,I,NB»:«XII ,JI»(MI,J.1 )»*YlT,Jl«HfI.l,jl»BBtI,j)» 
28. OQ * HII-1,J«l>«CXtI,Jf»H(I.2,J»li                                                        - . 
29. 00 IF tNB.EO.NBLMI 60 TO 250 
SO. 00 J=IEINB) 
31. 00 DO 2«0 N=1,H2 
32. 00 2*0     RINVING.N.NBLKtrHINM.J) 
33. 00 250     H|I6.JG»=0. 
3«. 00 CALL   M»UNVI»INVU,1,NB»,H?,H2> 
35. 00 IF INB.EO.NBLKI RETURN 
36. 00 DC 260 I-1.H2 
37. 00 DO 260 J?1,M2                                                                         _ , 
38. 00 RINVl«l,JfNB>=0. 
39. 00 DO 260 N=1,N2 
»0. 00 260  R1NVHI,J,N3I-R1NV1<I,J,NB)-RINVI1,K,NB>»RINV<K,J.NBLK» 
«1. 00 C  R1NV1II.J.NBI IS THE •••LMOST HOMOGENEOUS*• SOLUTION »T THE J-TH OPEN 
*2. 00 C  RESIDUAL POSITION FORCEO BY A RESIDUAL VALUE OF 1 AT THE I-TH 
«3. 00 C  RESIDUAL POSITION.  HOMOGENEOUS B.C.'S ARE ASSUHED EVERYWHERE. 
M* 00 C  INCLUDING THE TOP OF THE PRESENT SUBREGION NB. 
*S. 00 JL=JH 
«6. 00 GO TO 100 
»7. 00 END                                                                                   " ' 
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VERSION 5 
(continued) 

5 

1. 01 
2. 00 
3. 00 
9. 00 
S. oc 
*. 00 
7. 00 
a. 00 
9. 00 

10. 00 
a. 00 1CS 
12. 00 
13. 00 
1«. 00 
IS. 00 
It. 00 US 
17. 00 
U. 00 
19. 00 
20. 00 
21. 00 
22. 00 US 
23. 00 
2«. 00 120 
25. 00 150 
2*. 00 
27. 00 
28. 00 
29. 00 
30. 00 
31. 00 
32. 00 
*3. 00 
3«. 00 2 CO 
». 00 2C1 
3». 00 
37. 00 
39. 00 2C2 
39. 00 
«0. 00 
• 1. 00 210 
•2. 00 
• 3. 00 
9«. 00 
*S. 00 
98. 00 2 It 
«7. 00 
«•• 00 2 20 
«9. 00 
SO. 00 
SI. 00 
la. 00 
S3. 00 
S«. 00 2!B 
SS. 00 2*0 
5*. 00 2 SO 

11: 00 
00 

S9. CO 
»0. 00 3 CO 
•1. 00 

SUBROUTINE   N0R««x,»»,8B,ex,RHiV,»INVl,DUN0.0UMl,DU«2,F,H,X,IE, 
1X0,N0I«2,N?,NBLK,NBLII1I 
DIMENSION   «I t N2, N2 ». » T IN2, HZ I ,11 ( »12 ,H2I, CKN2.N2 I, »IN« rM2,K2,NBLK I 

*>RINV1IM2|H2.NBLI<1I>M("0.NCI.1C«NBLKI,DUH0(H2,NBLK1I,0UM1IN2|I 
B   0UM?|M2l,r |N2,n?   i,n»0,NCi 

JS=1 
00   ISO  NBM.NBIK 
JF=IC«NBI-2 
DO   19S   jrjs.JF 
DO   10S   1 = 1,112 
X(I*l,J.2l=FII,JI-«X(I,JI*XII,J*ll-«V(I,Ji*X<I*l,J>-BBII,JI* 

* XII«1,J»1l-CXII,JI*XII«2.J«1) 
ir   (NB.E0.NBLKI60   TO   ISO 
J=HINB>-1 
DO   115   1=1,*2 
OUHm>=FtI,JI-AIII,JI*X(I,J«l>-*VII,JI*KII*l,JI-BBII,JI* 

* XII«l,J*li-CXII,J>*XII*2,J«II-X<I«l,J«2l 
JSICINBI 
00 120 N=I,M2 
0UN2(Nl=0. 
DO   lie   tt=l,N2 
DUH2tN»:DU><2«NI«0UMllHI*RINVlCHlNlNBI 
OUN0<N,NBi:xlN«lldl 
XIN.l, JI=X(N'»1.JI-DUH2INI 
JS=1EINB> 
DO 300 NB1=1,NBLK 
NB=NBLK-NB1«1 
JS = 1 
IF   (NB.NE.ll   JS=IEtNB-ll 
JFriEtNBl-2 
IF   (NB.EO.NBLKI   60   70   201 
J=IEtNB> 
00  200  N=1,H2 
X<N«1,JI=0UH0<N,NBI 
KslEtMl 
DO   202   J=JS,N 
00   202   1=1,NO 
HII,JI=Q. 
J=IEINB»-1 
DO  210  1=1,m 
Ou"l«I»=F»l,Jl-*X(I,J>»xcl,j.ll-«yll,j>»xil.itji-BBlI,Ji* 

* III«l,J«lt-CXII,JI*X(I«2,J«II-lll*l,J«2l 
00  220  m:i,N2 
OtlMZINISOa 
DO  218   M=1,H2 
OUM2INU0U»2INI«OuMltNI*RINVtMlN,NB> 
HIN«I,JS«ll:0UM2(NI 
X(N«l,JS*ll=X(N«l,J&«ll«0UM2INl 
IF   INB.EO.ll   GO   TO   250 
J=IEINB-1I 
00   290  *=1,H2 
DU«2<N>=0. 
00   256   H=1,H2 
0UH2(Nl:0UM2(N|4HIN«l,JS<ll*RIN«I(H,N,NB-l) 
HIN.|,Ji:DUM2IN> 
DO   390  J=JS,JF 
00   300   1=1,H2 
MC LI, J«2l--»»U,J)»HU,J.l >-»T I I ,J).H(1.1,J|-BBI1,JI. 

* H(I-I,J«I >-rin ,j>.Hii»2,j.ii 
(U*I,J*2i:xll*l,J«2l«MII*l,J*2l 
END 

r 

9 

• 
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VERSION 5 
(continued) 

•« 

J 

la 
2. 

go 
00 

I. 00 
«. 00 
S. 00 
*. 00 
7. 00 
• • 00 112 
ff. 00 

10. 00 
it. 00 120 
12. 00 
II. 00 12S 
U. 00 
IS. 00 127 
U. 00 
IT. 00 
U. 00 I» 
I*. 00 110 
20. 00 
21. 00 
22. 00 
21. 00 1*0 
2«. 00 
2S. 00 
2k. 00 its 
27. 00 
28. 00 
29. 00 IM 
30. 00 
31. 00 in 
32. 00 
33. 00 
3«. 00 
3S. 00 1(0 
3«. 00 ISO 
37. 00 

SUBROUTINE MITINVtB.N.Ht 
DIMENSION BIN.ll.BlMOOI.8711001 
mrn-1 
00 110 1 = 1.111 
81111=1./B(l,It 
8<I,It=1.0 
00 112 J-l.N 
BtI,JI=BII,J)*81lll 
IP1=I«1 
DO 120 I1=IPI," 
»UIIIXBIII,!! 
00 17S I1=IP1,N 
Bill,11=0. 
DO 177 J = 1,A 
B2tJI=BII,J) 
00 13S U = IP1,M 
00 13S j:i,N 
B«I1,J 1=811l,Jt-BIII11*821J> 
CONTINUE 
Bllll=l./BIN,HI 
BI*,M>=I. 
00 1*0 J=1,N 
Bl«,JI=B<«,J>»81ll> 
00 153 1=2,H 
00 1SS 17=1,1 
811171=8117,11 
IN1=I-1 
00 ISfc 17=1,1X1 
8112,11=0. 
DO 1S7 J=1,K 
B2IJ1=BII,JI 
INUI-1 
00   180   12=1,INI 
00   180  J=1,H 
BII2,Jl=BM2tJI-BllI2l*B2IJ> 
CONTINUE 
CM 

: 
• 
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! 
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